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SYMBOLS, UNITS, AND EQUIVALENTS 





Unit 


Symbol 


Equivalent 





J 
angstrom 
annum, year 
billion electron volts 


| centimeter(s) 
| counts per minute 


| 


fi a electron volts 
ilogram(s) 

square kilometer(s) 

kilovolt pea 

cubic meter(s) 

milliampere(s) 

millicuries per square mile _ _ _ - 
| million (mega) electron volts. - 
| milligram(s) 

square mile(s) 

milliliter(s) 
| millimeter(s) 
.-| Manocuries per square meter-___ 

.| picocurie(s) 

| roentgen 

absorbed 


| unit of radiation 








107° meter 


GeV 
3.7 X10! dps 


| 0.394 inch 


1.6X 10-" ergs 


1.6X 107 ergs 
1,000 g = 2.205 lb. 


0.386 nCi/m? (mCi/km?) 
1.6X 10-* ergs 


2.59 mCi/mi? 
10-12 curie = 2.22 dpm 





The mention of commercial products is not to be construed as either an actual 
or implied endorsement of such products by the Environmental Protection 


Agency. 
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Reports 


Preoperational Radiological Surveillance of the Florida Power Corporation’s 


Crystal River Power Reactor Site 


Chester L. Nayfield, Wallace Johnson, and Benjamin P. Prewitt ' 


Preoperational radiological surveillance has been conducted by the Florida 
Division of Health around the Crystal River nuclear power generating plant 
site of the Florida Power Corporation since May 1969. A summary of these 
data with reference to statistically significant differences between sampling 
locations is presented, and comparisons are made with other locations in the 


State for which data are available. 


Preoperational radiological surveillance has 
been conducted around the Crystal River site 
of the Florida Power Corporation since May 1969 
by the Florida Division of Health. Present activi- 
ties at this site include a 387 MWe coal-fired 
generating unit and a 510 MWe coal-fired generat- 
ing unit. Construction of unit three is underway. 
This unit is to be an 855 MWe nuclear power 
generating plant. Locations of Division of 
Health sampling sites are shown in figure 1. 
During 1969-1970, samples of environmental 
media shown in table 1 were collected. 


Table 1. 


Number of environmental samples collected 
Crystal River 


Number of samples 
Vector 


1969 1970 Total 


Soil. 

Silt. . . 
Vegetation 
Surface water 
Drinking water 
Marine biota 
Milk 

Citrus 


NS, no sample. 


Analyses of samples were conducted in the 
Radiological Laboratory of the Division of Health 


1 Dr. Nayfield is an administrator, Radiological and Oc- 
cupational Health Section, Florida Division of Health; Mr. 
Johnson is a public health physicist, Florida Division of 
Health; and Mr. Prewitt is a chemist, Bureau of Labora- 
tories, Florida Division of Health. 
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located in Orlando. Analytical instruments used 
included a 1,024 channel analyzer using a 4- by 
4-inch Nal detector, a low-beta internal propor- 
tional counter, a beta internal proportional coun- 
ter with automatic sample changer, and a Tri- 
Carb liquid scintillation spectrometer. The mini- 
mum detectable activities used in this laboratory 
for the various sample types are shown in table 2. 
Table 2. 


Minimum detectable activities, Crystal River 


Sample type Alpha radioactivity Beta radioactivity 


Air 3. ‘i /sample 
Milk 4 i /liter 
Soil and silt | 3. i /g as i/g ash 
Vegetation and biota__ < yi /g as 7 i /g ash 
Water - - q .78 pCi/liter 


For spectroscopy, a 9 by 9 matrix solution has 
been used in analyzing the samples. For soil and 
silt samples, the matrix was expanded to 11 by 11 
to correct the spectum for the radium-thorium 
contribution. Minimum detectable activities for 
the various nuclides included in the 9 by 9 matrix 
are shown in table 3. 

The selection of sampling media around the 
Crystal River site was dictated by the nature of 
the region. Since all of the Division of Health’s 
surveillance is human-health oriented, every 
effort was made to confine sampling media as 
directly as possible to the human food-chain. 
This was difficult for the Crystal River area. The 
closest dairy is 15 miles from the plant site. This 
dairy is sampled although its contribution to the 
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Figure 1. 


Table 3. Minimum detectable activities for 9 by 9 


matrix 


4 Minimum detectable activity* 
Nuclide (1 liter geometry) 


Cerium-144 98.6 pCi 
Iodine-131 8.5 pCi 
Ruthenium-106 78.5 pCi 
Cesium-137 : .4 pCi 
Zirconium-niobium-95 .6 pCi 
Manganese-54 

Zinc-65 

Potassium-40 
Barium-lanthanum-140 | 
| 


« A practical reporting level of the minimum detectable activity plus or 
minus 2 sigma is used for reporting the sampling data. 
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Radiological sampling sites, Crystal River 


milkshed is of minimal significance. Row crops 
are not grown in the area other than on a home 
garden basis. A citrus grove, located about 75 
miles from the plant site, is sampled. The 
cabbage palm (Sabal palmetto) and the saw pal- 
metto (Serenoa serrulata) were selected as indica- 
tors in the terrestrial food chain. Cabbage palm 
hearts are a delicacy in Florida and are extensively 
eaten by some population groups. The saw pal- 
metto and its berries constitute an element in 
the diet of deer, which have been found to have 
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elevated body burdens of cesium-137 (1). Deer cant differences are apparent for all nuclides in 
meat is in the direct human food chain. vegetation. Only gross beta radioactivity levels 
Data for 1969 and 1970 for soil samples and are not significantly different in vegetation. 
vegetation samples are presented in tables 4 and Analysis of variance of vegetation samples by 
5. subgroups of sampling sites is of interest (table 7). 
An analysis of variance was made of these For cesium-137 in vegetation there is no sig- 
data for 1970 and the values obtained are shown ___ nificant difference in sites 5-11 and the variation 
in table 6. From these analyses it was concluded _ of significance is in group 1-4. 
that the variance between sampling sites of soil A comparison of sample means by year is of 
samples is significant only for cesium-137. Signifi- interest. See tables 8 and 9. 


Table 4. Concentration of radionuclides in soil samples, Crystal River, 1969-1970 


| 
Radionuclide concentration | Radioactivity 
(pCi/kg wet weight) (pCi/g ash) 


a pm site : = aailihanend 
and year | | | 
wRu C's “Zr | | WBa Gross Gross 
} } beta alpha 
| | | 
Zz | 


Col: | 

1969 Range__| 540-1,100 N | 200-520 ND-130 ! | ND 
Mean__- 562 320 ; 

1970 Range 7 N N N 80 | N ¢ ND-30 | 

Mean 496 5: 430 


C02: | | 
1969 Range 380-1, 700 N ND-1,500 70-580 | ND 
Mean 871 683 | 411 | 4 
1970 Range__; 290-— 770 N ND-440 ND-530 N - ND 
Mean___| 534 330 364 | 11 


C03: | 

1969 Range 430-1 ,000 N ND-570 100-830 | ND-30 
Mean___| 747 366 | 456 ‘ «30 

1970 Range_.| ND-650 N ND-200 60-440 ND- ND 
Mean___ 500 200 211 | 5: 


C04: 
1969 Range 440-1, 300 N | ND-910 270-620 ND-510 
Mean___} 715 318 451 | 170 | 
1970 Range_-_| 280- 73 N ND-390 120-680 | 30-150 | 
Mean___ 55! 287 427 | 82 | 


C05: | | } | 
1969 Range-_-_| 750-1,500 | N | 100-1,300 60-320 
Mean__- 960 | 308 616 141 
1970 Range__| 440-1,400 | N | ND-37 340-1 ,000 ND-180 
Mean__ 751 | ; 587 89 | 


C06: | | 
1969 Range 530-2 ,000 ND-100 | ND-1,000 | ND-1,900 | ND-490 
Mean__- , 204 1 476 34 | 221 
1970 Range__| 340- 900 ND-! ND-7 N ND-100 
Mean___| 651 | j F | 783 | 80 


Cos: | | 
1969 Range__| 360-1,900 ND | ND-1,700 | ND-60 | ND-1,200 N ND 
Mean___| 875 | 633 56 431 | 
1970 Range__| 390-1,800 ND-100 ND-760 | ND-2,100 ND-260 ND-50 | ND-550 | 
Mean___| 1,221 | 85 | 580 | 1,415 200 43 | 482 
Cog: | | 
1969 Range ND | ND-1,300 ND 40-1,100 | ND 
Mean__-_| 553 291 | | 
1970 Range - ND-720 | ND ND-380 ND-390 | N 5 ND 
Mean.__.- 55k | 4380 4390 j 


Cll: | 

1969 Range__| 580-1, 100 ND ND-1, 100 
Mean___| 725 340 

1970 Range- 77 ND ND-320 
Mean_.- 536 247 


Cl2: | 

1969 Range__| 390-2,100 ND ND-1,600 ND-5s 40-1, 200 
Mean.__| 921 441 372 | 294 

1970 Range- ND ND-450 | ND-1,000 | ND-200 
Mean___| 1,050 317 486 100 


* Only one observation above detectable level. 
ND, nondetectable 
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Table 5. 


Sampling site 
and year 


Col: 
1969 Range 


Mean_- 


1970 Range- 


Mean_- 


Co2: 
1969 Range 


M4Ce 


| 
L 


| ND-590 
510 
| ND-1,300 


835 


ND 


Mean_-_- 


1970 Range- - 


ND 


Mean__- 


C03: 


1969 Range--| 


Mean_--| 
1970 Range _- - 


Mean_-- 


C04: 
1969 Range 


ND-1,400 


41,040 


b540 


ND 


Mean_- 


1970 Range--| 


ND 


Mean-_--} 


C05: 


1969 Range - - 


Mean_.- 


1970 Range- 


Mean-_- 


C06: 


1969 Range _- - 


b400 | 
ND 


ND 


Mean__- 


1970 Range_- - 


Mean-_. 


Cos: 
1969 Range 


Mean. 
1970 Range 


Mean 


Cog: 
1969 Range- 


ND-390 


373 | 


ND-110 


>110 
ND-350 


6350 


Mean-__- 


1970 Range 


Mean__- 


Cll: 


1969 Range - - 


Mean 


1970 Range-_ . 


Mean___} 


Cl2: 
1969 Range 


Mean.__| 


1970 Range- 


Mean_- 


ND-730 


526 


ND-1,000 


750 


ND-430 


6430 
ND 


| 


ND-540 | 


ND-400 | 


Concentration of radionuclides in vegetation samples, Crystal River, 1969-1970 


ND-570 | 


483 
ND-710 | 


430 


ND-1,700 | 


726 
ND-1,000 


573 | 


ND-110 | 


b110 
ND-630 


465 


350-1, 500 


612 
360-680 


490 | 


ND-1,300 
568 
ND-360 


330 


270-980 


662 


ND-700 | 


526 


320-1 ,600 
759 
ND-940 
507 


520-1,800 | 


1,077 


360-860 | 


619 


ND-870 


638 
ND-510 


395 


® Mean of two observations above detectable level. 
b Only one observation above detectable level. 





Radionuclide concentration 


90-210 


159 | 
130-500 | 


452 


370-1, 500 


714 
220-900 


564 | 


180-760 


410 
ND-370 


233 
4,400 
2,475 
| 340-3, 500 
| 


1,735 


390-1, 400 


829 | 


110-1, 300 


180-6 , 300 
3,069 
170-4 ,600 


ND-250 
128 | 
ND-160 | 
103 | 
| 


ND-140 | 


110 


ND-160 | 
102 


131 | 
80-280 | 


152 


100-330 | 


180 
ND-5380 


1,100- 


526 | 


333 | 


ND-160 | 


290-2, 100 
951 


360 
70-1,100 


452 
70-580 


90-2 ,600 


1,255 
ND-960 


297 


412 


130-740 | 


413 


310-2 ,000 


949 
190-740 


437 


170-2, 100 
847 
70-510 
296 

240-1, 400 
625 
140-680 
346 


150-770 


549 | 


ND-770 
369 
280-3 , 000 


1,331 
230-1, 300 


693 


761 


90-420 | 


30-1,100 | 


322 | 


160-940 | 





180-1,800 | 


ND 


ND-60 | 


>60 


ND 


ND 


| 





ND 


ND-120 


>120 


ND 


ND 


3,500- 
7,600 
5,825 

3,700- 
8,700 
5,461 


5,600- 
7,400 
6,443 

4,800 
6,700 
5,867 


2,400- 
5,100 
3,087 

3,200- 
6,600 


4,900- 
7,100 


3, 600- 
6,600 
5,225 
3,400- 
6,900 
5.058 


2,600- 
7,500 
5,368 

2, 800- 
7,500 
5,963 





Radioactivity 
(pCi/g ash) 

















Gross 
beta 


Gross 
alpha 





133-281 <7-16 
202 10 
73-301 <7-24 


167 


210-294 


244 
112-255 


180 


124-193 


163 
74-272 


154 
63-314 
174 
93-243 
164 
68-264 
205 
69-207 
135 
109-229 
197 
90-287 


187 


106-202 


141-241 


178 
97-243 
164 
183-277 
233 
125-264 
179 


138-236 





168 
104-234 | 


160 | 








ND, nondetectable 
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Results of the analysis of variance 
| 
Nuclide -- a (a 


| 95 percent 
| Calculated F F value 


Soil 


Conclusion 


——|—_——— 
| 
| Not significant 
Significant 
Not significant 


Cerium-144_ _- 
Cesium-137 _ - 
Zirconium-95 


Vegetation 


Cesium-137 _ 
Zirconium-95 
Potassium-40__ 
Gross beta _ - 


2.01<F Significant 


Significant 
Significant 
Not significant 


Table 7. Analysis of variance of vegetation samples by 
subgroups of sampling sites, Crystal River 


Calculated 
F 


95 percent 


Radionuclide F value Conclusion 


Cesium-137: 
Sites 1-4__ 


i Significant 
Sites 5-11__ 


Not significant 
Zirconium-95: 
Sites 1-4__ 


i Not significant 
Sites 5-11__ 


Significant 


Sites 1—4__ 


i Significant 
Sites 5-11__ 


Significant 
Gross beta: 
Sites 1-4__ 


i Not significant 
Sites 5-11_- 


| 

| 

} 

| 

Potassium-40: | 
| Not significant 


Utilizing the sign test statistic (2) and a one- 
sided test at a level of 0.05, it can be demonstrated 
that a statistically significant decrease took place 
in soil between 1969 and 1970 for all radionuclides, 
except cerium-144. Utilizing the same statistic, 
vegetation samples show a decrease in radionu- 
clides except for cesium-137 and the naturally 
occurring potassium-40. Based on the physical 
half-life of these radionuclides (zirconium-95, 
65.5 days; ruthenium-106, 368 days; cerium-144, 
284 days; cesium-137, 30.0 years), this behavior 
is expected with the exception of the retention of 
cerium-144 in soil samples. 

A comparison of these data with those obtained 
in the surveillance of the Cape Kennedy offsite 
environs is interesting. Unfortunately, the Cape 
Kennedy program was inactivated in early 1970 
so that data are available for 1969 only. Ex- 
amination of table 10 indicates one very striking 
difference between soil samples collected in the 
Crystal River program and those collected in the 
Cape Kennedy offsite programs. Potassium-40 
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Table 8. 


Soil sample means by radionuclide and by 
year, Crystal River, 1969-1970 


Sample mean (X)* 

(pCi/kg wet weight) 
Sampling site ; = i 
and year 


| 
: | Ruthenium- 
Cerium-144 | 106 Cesium-137 |Zirconium-95 


1,2 


i 
E: 
| 55% 
| 
’ 
| 


1,0: 





~1969_- 
1970___. 


444 
331 


«a Nondetectable sample results not included in mean. 
ND, all sample results were nondetectable 


has been essentially nondetectable in the Crystal 
River samples while it was detectable in nearly 
all of the Cape Kennedy samples. Utilizing the 
the Mann-Whitney “‘U”’ test (3), there is no sig- 
nificant difference between the cesium-137 levels 
in soil samples from the two programs at a 95- 
percent confidence level. 

There is a significant difference in the means of 
cesium-137 levels between vegetation samples 
from Crystal River and Cape Kennedy. No 
significant difference is found between potassium- 
40 levels or between gross beta radioactivity 
levels. It is noted, however, that for cesium-137 
there is no significant difference between the 
Cape Kennedy Zone A samples and the Crystal 
River samples. Zone A of the Cape Kennedy 
sampling plan is within a 10-mile radius of the 
launch site (figure 2) and corresponds in location 
with a majority of Crystal River sites (figure 1). 
The higher concentrations of cesium-137 occurred 
in Zone B (20 miles) and Zone C (30 miles) at 
Cape Kennedy. We conclude, therefore, that the 
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Sample mean 


Sampling site and year — aaa Sidcptietiee 


| Ruthenium-106 | Cesium-137 


1969 
1970 
1969 
1970 
“1969 
1970 


(pCi/kg wet weight) 


Zirconium-95 


Table 9. Vegetation sample means by radioactivity and by year, Crystal River, 1969-1970 


(X) | 


Sample mean (X) 


Gross beta 
(pCi/g ash) 


Gross beta* 
(pCi/kg wet weight) 


Potassium-40 


: 
| 








X: 
1969 
1970 


* Not reported in table 5. 


Table 10. 


Soil 
(pCi/kg wet weight) 


Location 


106 u 


Zone A composite 

Zone B composite 

Zone C composite 

Cape Kennedy grand mean 

Crystal River grand mean 

Division of Health 
Bureau of Sanitary Engineering 
sampling 


* Two sampling locations only: all other samples were nondetectable. 


elevated levels of cesium-137 demonstrated in 
palmetto at sites 4, 5, and 6 at Crystal River in 
1969 and at sites 4 and 5 in 1970, are representa- 
tive of more inland locations such as those of 
Zone B and Zone C at Cape Kennedy. 

The levels of radionuclides in vegetation taken 
at Crystal River in 1969 show a much closer cor- 
relation to samples taken in 1969 by the Bureau 
of Sanitary Engineering of the Division of Health 
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Cape Kennedy offsite data compared to Crystal River data 











for 1969 


Vegetation 





| (pCi/Kg wet weight) 
Gross beta 
| (pCi/g ash) 


éRu 


RI7Cs %Zr 


1,500 
990 
995 

, 161 
642 


600 2,000 


890 ,666 


in Seminole and Volusia Counties than to those 
from the Cape Kennedy area. The Seminole 
County and Volusia County samples were ana- 
lyzed by the Orlando Radiological Laboratory 
as were the Crystal River samples. Utilizing the 
“Student’s t” distribution at a 95-percent con- 
fidence level, there is no significant difference 
between the means of cesium-137 from the re- 
spective locations. 
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Figure 2. 


Levels of radioactivity in water samples are 
shown in table 11. Levels of activity in drinking 
water derived from wells have been nondetectable 
for 1969 and 1970 (table 12). Surface water sam- 
ples are taken over a wide range of sources with 
varying salinities. Undissolved solid gross beta 
radioactivity levels have been nondetectable for 
all of the samples taken in 1969 and 1970. Levels 
of gross beta radioactivity in dissolved solids are 
dependent on the salinity of the water and have 
ranged from 5 to 495 pCi/liter. Potassium-40 is the 
only radionuclide which has been found in water 
in detectable concentrations by gamma analysis, 
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Cape Kennedy fixed offsite sampling areas 


and only at site C13 (intake canal) and site C14 
(discharge canal). The normal level of potassium- 
40 in seawater of 35 parts per thousand salinity 
is reported tc be 330 pCi/liter (4). There were no 
detectable concentrations of tritium (minimum 
detectable concentration = 200 pCi/liter) in any 
of the water samples. 

Levels of radioactivity detected in various 
marine biota in 1970 are outlined in table 13. 
Levels of the various radionuclides from fish 
samples may be compared to those detected in 
fish samples taken from the Turkey Point sur- 
veillance program (table 14). It is noted that 


447 





Table 11. 


1969 


Sampling location Undissolved solids 


(pCi /liter) 
Mean 


Col: 
Mouth of Withlacoochee 
08: 
Tide Flat 
Co9: 
Crystal River 
r11: 


Open Gulf 
‘12: 


Homasassa River 
C13: 
Intake canal 

Potassium-40 _ _ 
114: 


Discharge canal 
Potassium-40 

C16: 
Withlacoochee River 


17: 
Withlacoochee River 








Table 12. Sample means of gross beta radioactivity i 
drinking water samples, Crystal River, 1969-1970 


1969 1970 


Sampling location Dissolved 
solids 
(pCi 
liter) 


Dissolved 
solids 
(pCi 
liter) 


Undissolved 
solids 
(pCi /liter) 


Undissolved 
solids 
(pCi /liter) 

C07: 
Crystal River City well 
10: 


Indian waters well__ 
“18: 


Yankeetown City well 
‘24: 


City of Inverness well 
C22: 


‘City of Dunnellon well 
C23: 


“Holder deep well 


there is a good agreement between means of 
potassium-40 as would be expected. Testing the 
means of gross beta with the “Student t”’ distri- 
bution (5) at a 95-percent confidence level indi- 
cates a significant difference. The difference be- 
tween means of cesium-137 is apparent. Other 
radionuclides were generally nondetectable in 
both programs. 

A comparison of oyster samples collected at the 
Crystal River site in 1970 may be made with 
samples taken from Apalachicola Bay during the 
same period (table 15). 
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Dissolved solids 


Sample means of gross beta radioactivity in surface water samples, Crystal River, 1969-1970 


| Undissolved solids 


Dissolved solids 
(pCi /liter) (pCi /liter) i 


(pCi /liter) 


Mean 


Range Mean Range 


5-137 19-130 


10-96 10-51 
56-162 26-73 
99-207 43-193 
8-101 


5-15 


112-495 
220-310 


123-214 
190-280 
127-430 
ND-310 


52-271 


240-280 











Conclusion 


A number of conclusions may be drawn from 
the data presented relative to the preoperational 
distribution of radionuclides in the Crystal River 
area. 

1. There has been a reduction in the levels of 
artificial radionuclides present in the environment 
except for the long half-life cesium-137. 

2. Levels of radionuclides in soil are not sig- 
nificantly different from control locations (Cape 
Kennedy offsite sampling sites) except for levels 
of potassium-40 which appear to be lower than 
those of the control locations. 

3. Levels of radionuclides in vegetation are 
not significantly different from levels of compar- 
able control locations (Cape Kennedy offsite 
sampling sites). Despite differences in potassium- 
40 levels in soil, levels of potassium-40 in vegeta- 
tion are not significantly different between Crys- 
tal River and comparable control locations. 

4. Gross beta radioactivity levels in surface 
water are highly dependent on the salinity of the 
water. Comparisons of sampling locations will 
require normalization to the salinity levels to be 
significant. 

5. A significant difference exists between levels 
of gross beta radioactivity in fish samples taken at 
Crystal River and those taken at Turkey Point, 
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Table 13. 


Levels of radionuclides detected in marine biota, Crystal River, 1970 





Sampling site 7 
and vector 
106R u 


Crab: 
Col... 
C21_- 
C20- 
Cis... 


Mean 
Oysters: 
Cl4_ 





Mean__- 


Radioactivity (pCi/kg wet weight) 


F Beta* 
%Zr ‘ (pCi/g ash) 


2,000 
2,000 
,500 
2,800 
,700 
,400 
,900 


tot 


NNwNwh 





* Beta, <10 pCi/g ash averaged as 10 pCi/g ash. 
ND, nondetectable, not included in average. 


Table 14. Comparison of mean levels of radionuclides 
in fish samples, Crystal River—Turkey Point, 1970 


, , Crystal River | Turkey Point 
Radioactivity mean mean 


Potassium-40_ ____- = 2,428 2,511 
(pCi/kg wet weight) 

SE aaa _— 36 
(pCi/g ash) 

Cesium-137- ; 68 
(pCi/kg wet weight) 


® Only one detectable observation. 


Table 15. Comparison of oyster samples, 1970 


: Crystal River Apalachicola Bay 
Radioactivity mean mean 


Gross beta___- -- 
(pCi/g ash) 
Potassium-40 _ _ _ 1,975 1,946 
(pCi/kg wet weight) 


43 (6 samples) 49 (4 samples) 


There is no significant difference between the means for gross beta radio- 
activity or between the means for potassium-40 


with Crystal River higher. There is no significant 
difference between gross beta radioactivity levels 
in oyster samples taken from Crystal River and 
from Apalachicola Bay. 

6. Differences in cesium-137 levels in vegeta- 
tion samples taken from certain sampling sites 
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are significant when compared to other sampling 
sites at Crystal River. The levels are not signifi- 
cantly different from levels in vegetation at con- 
trol locations in other similar geographic areas. 
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Evaluation of the Sampling Frequency of the Pasteurized Milk Network 


John L. Stein, Richard E. Jaquish, and Thomas J. Sharpe! 


The Pasteurized Milk Network (PMN) of the Environmental Protection 
Agency reduced its milk sampling frequency from weekly to monthly in July 
1970. A review of the effect of this reduced sampling frequency from a statistical 
viewpoint, on the capability of the network to carry out the surveillance re- 
quirements outlined by guides of the Federal Radiation Council, was pre- 
formed. The study determined that, based on the presently accepted radiation 
protection guides, the reduced frequency of milk collection does not sacrifice 
the precision required for a public health evaluation of current levels of radio- 
nuclides in the nation’s pasteurized milk supply. 


The pasteurized milk surveillance program had 
its origin in a raw milk radiological monitoring 
network established by the U.S. Public Health 
Service (PHS) in 1957. Primary objectives of this 
program included the development of methods for 
milk collection and radionuclide analysis suitable 
for large scale programs. Experience derived from 
this study led to the development of the present 
milk surveillance network. 

The Pasteurized Milk Network (PMN), as it is 
now constituted, consists of 63 sampling stations, 
with at least one station located in each State, 
Puerto Rico, the Canal Zone, and the District of 
Columbia. The Western Environmental Research 
Laboratory (WERL) is responsible for the analysis 
of samples from 23 of the PMN stations located 
in the Western United States. The objectives of 
the PMN are to: (1) provide continuing nation- 
wide measurement of radionuclide levels in 
pasteurized milk through sampling of major milk 
production and consumption areas, and (2) to 
supply information on concentration levels and 
trends from which local, State, and federal agencies 
can determine the need for further investigation 
and possible corrective action for the protection 
of public health. 

Each PMN sample is a composite of subsamples 


1Mr. Stein is currently environmental engineer with 
Anheuser-Busch, St. Louis, Mo. Mr. Jaquish is with the 
Western Environmental Research Laboratory, Las Vegas, 
Nev., and Mr. Sharpe is with the Office of Air Programs, 
EPA, Raleigh, N.C. 
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from each milk processing plant in the particular 
area. Compositing is done in proportion to each 
plant’s average sales in the community. At most 
stations, the composite sample represents at least 
80 percent of the milk processed, and the overall 
network represents milk consumed by about 60 
million persons. 

Samples are analyzed by gamma scintillation 
spectroscopy for potassium-40, iodine-131, cesium- 
137, and barium-140, along with any other gamma- 
emitting nuclides present in appreciable concen- 
trations. Radiochemical analysis is performed to 
determine the levels of strontium-89 and stron- 
tium-90. 

Prior to July 1, 1970, samples were collected 
on a weekly basis. All samples were analyzed by 
gamma scintillation spectroscopy, and strontium- 
90 analysis was performed on samples collected 
during the first full week of each month. At WERL, 
strontium-89 is determined in the same analysis 
as strontium-90, and therefore, the frequency of 
analysis is the same. 

On July 1, 1970, the collection frequency for 
the PMN was changed from weekly to monthly. 
Gamma scintillation spectroscopy is performed 
on all samples and strontium-90 analysis is per- 
formed quarterly except at certain designated 
stations. Samples from 12 designated stations in 
the PMN are analyzed for strontium-89 and 
strontium-90 on a monthly basis; one sample is a 
special milk sample collected from a non-PMN 
station. 





Purpose and scope 


The observance of consistently low levels of the 
radionuclides monitored resulted in the reduced 
sampling and analysis frequency. This paper 
describes a review of the effect of the reduced 
sampling frequency from a statistical viewpoint, 
to determine wether the surveillance requirements 
as outlined by guides of the former Federal Radi- 
ation Council (FRC)? will be met. In all cases 
for the past several years, radionuclide levels 
in PMN samples have been well below the radio- 
activity concentration guide (RCG) for individuals 
in the general population as defined by the FRC 
(1-2). The FRC established three ranges of nu- 
clide intake levels for which increasing amounts 
of action must be taken in order that the Radi- 
ation Protection Guides not be exceeded. In- 
takes in Range I would not, under normal con- 
ditions, be expected to result in any appreciable 
number of individuals in the population reaching 
a large fraction of the RPG. Therefore, if calcula- 
tions based upon a knowledge of the sources of 
release of radioactive materials to the environ- 
ment indicate that intakes of the population are 
in this range, the only action required is surveil- 
lance adequate to provide reasonable confirmation 
of calculations (2). Table 1 presents a summary of 
the FRC guidelines as they relate to the nuclides 
monitored by the PMN. 


2 The responsibilities of the Federal Radiation Council 
were transferred to the Environmental Protection Agency by 
President Nixon’s Reorganization Plan Number 3, effective 
December 2, 1970. The guides of the former FRC are 
referred to as FRC guides in this paper. 


Table 1. 


Since the principal contributor of fission prod- 
ucts observed in samples is atmospheric testing of 
nuclear devices, and since the scope of such testing 
has been drastically curtailed since the signing of 
the limited test ban treaty on August 5, 1963, it 
is not difficult to explain the current relatively 
low levels of fission product activity. 


Procedure 


For the purposes of this study, the results from 
five of the 23 PMN stations monitored by WERL 
were examined. Two stations were chosen from 
predominately ‘“‘wet’’ areas, two from “dry” 
areas, and one where rainfall is intermediate be- 
tween the two extremes (3). The stations selected 
represented a good geographic distribution from 
the Pacific Coast to the Mississippi River, and 
from the northern to the southern tier of States. 
The stations chosen are: 


Phoenix, Arizona 
Minneapolis, Minnesota 
St. Louis, Missouri 
Portland, Oregon 

Salt Lake City, Utah 


For each station, recent data (1969) were obtained 
on levels of cesium-137, strontium-89, and stron- 
tium-90. Because of the short half-lives of iodine- 
131 and barium-140, and the absence of large- 
scale atmospheric nuclear testing since the sign- 
ing of the limited test ban treaty, positive identi- 
fication of iodine-131 or barium-140 in PMN sam- 
ples has been infrequent in recent years. Average 
concentrations for cesium-137 and strontium-90 


Radiation Protection Guides, FRC recommendations and related information pertaining to 


environmental levels during normal peacetime operation 


RPG for in- 
dividual in the 
general 
population 
(rad /a) 


Radionuclide Critical organ 


Strontium-89 Bone 

Bone marrow 
Strontium-90 Bone 
Bone marrow 
Thyroid 
Whole body 


Todine-131 
Cesium-137* 


Guidance for suitable samples of exposed population groups* 


Range III 
(pCi/day)> 


Corresponding con- 
_ tinuous daily 
intake (pCi/day) 


Range II 
(pCi/day)> 


Range I 
(pCi/day)> 


42 000 200 | 200-2 000 | 2 ,000-20 , 000 


4200 20 20-200 200-2 ,000 


100 10 
3,600 360 


10-100 
360-3 ,600 


100-1 ,000 
3 ,600-36 ,000 


“Suitable samples which represent the limiting conditions for this guidance are: strontium-89, strontium-90—general population; iodine-131—children 


1 year of age; cesium-137—infants. 
> Based on an average intake of 1 liter of milk per day. 


¢ A dose of 1.5 rad/a to the bone is estimated to result in a dose of 0.5 rad/a to the bone marrow. 

4 For strontium-S9 and strontium-90 the Council's study indicated that there is currently no operational requirement for an intake value as high as one 
yrresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG. 

« The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 
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for the five stations did not vary significantly 
from the PMN network averages for the same 
time period (4). 

The approach to the problem was to determine 
statistically, the sampling and analysis frequency 
needed to indicate, with reasonable confidence, 
present levels of the nuclides under study that 
would not be mistaken as exceeding FRC Range 
I. The one-sided t-test was used to evaluate the 
sampling frequency (5). This procedure utilizes 
the knowledge of past variability of the param- 
eter being studied to estimate the number of 
samples needed to estimate current values to a 
specified accuracy and with a known degree of 
confidence. The calculation of the number of 
samples required is given in equation 1: 


t2s2 
d? 


value from table of “percentiles of the ¢ 
distribution” for the specified risk level 
and the appropriate degrees of freedom 
(n — 1), 

estimate of the variance of the popula- 
tion based on variance of data from prior 
or similar surveys, and 

allowable margin of error in the estimate 
of the population mean. 


This equation can be rewritten in terms of the 
coefficient of variation and an allowable percent 
departure from the true mean. This equation is 
given in 2: 
« a ...(2) 
p° 


= number of samples, 
same as for equation 1, 
coefficient of variation 


standard deviation 


= x 100, and 
mean 


allowable percent departure from the 
true mean. 


This equation may also be rewritten as follows: 
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(CV )t 3 
= — 
4 /n 

This equation, based on a set number of samples 
per year and a predetermined confidence level 
(95 percent for purposes of this study) gives the 
percent accuracy with which the mean could be 

determined. 


Results 


The results of the statistical analysis of cesium- 
137, strontium-89, and strontium-90 data from 
the PMN stations studied are presented in tables 
2, 3, and 4. The first and second columns, respec- 
tively, show the sample mean and the standard 
deviation based on the 1969 data. Column 3 
shows the upper limit on radionuclide concentra- 
tions allowed under FRC guidelines for Range I 
surveillance. Column 4 gives the maximum toler- 
able error in the determination of the 1969 mean 
which still allows it to remain within Range I. 
This figure was calculated by dividing the limit 
in column 3 by the mean in column 1 and 
converting to a percentage. Columns 5 through 
7 show the range of the percentage departure 
from the true mean provided by weekly, monthly, 
and quarterly sampling calculated using formula 
3. The meaning of the percentage departure from 
the true mean is that, at the confidence level 
indicated (95 percent), the true mean is expected 
to lie within the range of the measured mean 
plus or minus the percent deviation shown 
in these columns. [u (true mean) lies within xX 


PX 


bserved ¢ ob 
(opservea mean) 100 ( 


P = percent departure 


from the observed mean).| 
Discussion of results 


It can be seen from tables 2-4 that the most 
critical nuclide under consideration is strontium- 
90. In the case of both cesium-137 and strontium- 
89, the upper limit of FRC Range I exceeds the 
calculated sample means by at least one order of 
magnitude. Even in the case of the strontium-90, 
the precision provided by data from monthly or 
quarterly sampling is sufficient to evaluate the 
current levels. For cesium-137 and strontium-89, 
most of the means calculated using raw data were 
below the established minimum detectable con- 
centration. 





Table 2. 


1969 
Station 


Xa 8 
(pCi/liter) (pCi/liter) 
Ariz 
Minn 


Phoenix 
Minneapolis 
St. Louis 
Portland 

Salt Lake City 


2.40 
4.37 
4.86 
5.21 


5.13 


‘ Raw data (not rounded off to 
values were converted to zero. 
» Calculated from equation (3) at 95-percent confidence level. 


Table 3. 


1969 
Station 


liter) (pCi/liter) 
Ariz: 
Minn 
Mo 

Oreg 
Utah: 


’ 
0.67 
3.58 5.43 
3.50 3.34 
3.00 2.95 
aa 


2.44 


Phoenix 
Minneapolis 
St. Louis 
Portland 

Salt Lake City 


0.89 


reflect minimum detectable concentration) were used to compute 


Cesium-137 


| 

} Percent departure (+) from true 

Upper limit mean> provided by: 

FRC Range I 
(pCi/liter) 


| Maximum tolerable | 
percent error to 

remain in Range I | 

| Weekly 

sampling 


| 


Monthly | 


Quarterly 
sampling 


sampling 


360 18,400 | 
360 2,900 | 
360 5,900 | 
360 3,500 
360 4,600 


averages, with the exception that negative calculated 


Strontium-89 


Percent departure (+) from true 
Upper limit mean? provided by: 
FRC Range I 


(pCi/liter) 


Maximum tolerable 
percent error to 
remain in Range I 
Weekly 


Monthly 
sampling 


Quarterly 
sampling 


sampling 


200 
200 
200 
200 
200 


30,300 
5,600 
5,700 
6,700 

17,100 


150 
170 
110 
110 
230 


* Raw data (not rounded off to reflect minimum detectable concentration) were used to compute averages, with the exception that negative calculated 


values were converted to zero. 
b Calculated from equation (3) at 95-percent confidence level. 


Table 4. 


1969 
Station 
X 
pCi 


4 s 
liter) (pCi/liter) 
Ariz 

Minn 
Mo 

Oreg 
Utah 


Phoenix 
Minneapolis 
St. Louis 
Portland 

Salt Lake City 


1.48 
10.17 
8.13 
6.39 
4.60 


* Raw data (not rounded off 
values were converted to zero. 


» Calculated from equation (3) at 95-percent confidence level. 


Conclusions 


From the statistical analysis performed, it is ob- 
vious that data provided by the current PMN 
sampling frequency does not sacrifice the precision 
required for a public health evaluation of current 
levels of radionuclides in the nation’s pasteurized 
milk supply, based on the presently accepted 


radiation protection guides. Based on statistics 
alone, if concentrations in samples were higher 
and were stable over a period of time, the coef- 
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Strontium-90 


Percent departure (+) from true 

Upper limit mean? provided by: 

FRC Range I 
(pCi/liter) 


Maximum tolerable 
percent error to 
remain in Range I 
Weekly 


sampling 


Monthly 


Quarterly 
sampling 


sampling 


20 
20 
20 
20 
20 


to reflect minimum detectable concentration) were used to compute averages, with the exception that negative calculated 


ficient of variation would be smaller and the num- 
ber of samples needed would be less. However, in a 
transition period, or a period of variability, the 
coefficient of variation would be larger, indicating 
a need for more frequent sampling. 

In all cases, the accuracy provided by the current 
sampling frequency is more than adequate to con- 
firm that the current levels are within the FRC 
Range I. Selection of sampling frequency, how- 
ever, is based not only on radionuclide concentra- 
tion, but also upon operational considerations. 
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Procedural considerations are also important in 
determining sampling frequency. In the case of 
the PMN, one very important factor is network 
efficiency. The network efficiency is the capability 
of the network to collect samples in the prescribed 
manner and submit them to the laboratory for 
analysis within the established time schedule. 
Past experience has shown that as the sampling 
frequency is decreased, so is the collection effi- 
ciency. Although environmental levels of the 
nuclides surveyed are low, readiness to increase 
the collection and analysis frequency to meet 
FRC requirements must be maintained in the 
event that there is a significant increase in fission 
product levels. 

The current sampling and analysis frequency 
appears to be appropriate for the PMN under the 
present circumstances. 
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Technical Notes 


Results of a Followup Radiation Survey on Color Television Sets, 


Suffolk County, New York 


Seymour Becker’ 


The U.S. Public Health Service’s regulatory 
standard required that television receivers man- 
ufactured after January 15, 1970, produce no 
radiation exceeding an exposure rate of 0.5 mR/h 
at 5 em from any point on the external surface 
of the receiver (1). As part of a continuing survey 
of color television receivers in Suffolk County, 
New York, the Suffolk County Department of 
Health, at the owners’ request, inspected approxi- 
mately 150 television receivers that had been 
purchased after January 1, 1970. In spite of the 
fact that some of these receivers were manu- 
factured before January 15, 1970, and therefore 
were not required to meet the regulation, no 
levels of x-radiation were detected above 0.5 
mR/h at 5 em from the surface of the television 
receiver. In fact, no levels of x radiation were 
detected above natural background radiation at 
the television set owner’s homes. 

A followup survey was also conducted on some 
of the television receivers that had previously 
been adjusted or modified during the 1967-69 
x-radiation investigation (2). All of these re- 
ceivers had been manufactured before the pro- 
mulgation of the Public Health Service’s regu- 
lation. Approximately 11 percent of the 104 
color television sets resurveyed were again 
emitting x radiation above 0.5 mR/h at 5 cm 
from the surface of the television receiver (table 
1). The readings ranged from 0.6 mR/h to less 
than 10 mR/h. Further investigations revealed 
that either the television set owner repaired his 
own television or an independent television serv- 
iceman serviced the television set without using a 


1 Mr. Becker is a public health physicist with the Radia- 
tion Control Unit, Suffolk County Department of Health, 
330 Jericho Turnpike, Smithtown, N.Y. 11787. 
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Table 1. 


Results of a followup color television receiver 
inspection* 


Number of television receivers with an 
exposure rate at 5 cm from the 
surface of the set of: 
Color television receiver 
(brand or manufacturer) 


<0.5 >0.5— 1.0-— 
mR/h <1.0 <10.0 Total 
mR /h mR/h 


Admiral___ 
Clairtone_____- 
Curtis Mathis___- 
Emerson- 

General Electric_- 
Grants (Bradford) _- 
Magnavox___- 
Montgomery Ward Airline__- 
Motorola___ 

Philco- - - 

RCA... 

Sears /Japanese 
Sylvania -_ - 
Westinghouse _ 
Zenith 


—s ee ee 
NRK NOR NK ONS 


me ND ee ee 
to 


rs 


Total 9% ( d 104 


® As of December 31, 1970, 11.5 percent of television receivers were above 
the U.S. Public Health Standards. 


voltmeter. These sets were corrected by the tele- 
vision serviceman under the supervision of a 
radiation specialist of the Suffolk County Radia- 
tion Control Unit. 

To remedy the problem of recurring excessive 
radiation emission from those color television 
receivers manufactured before the effective date 
of the standard, the radiation specialist is col- 
laborating, whenever possible, with the local 
independent television serviceman and the owner 
of the television receiver and through personal 
visits is educating them to the general causes of 
x-radiation emissions, the accepted methods of 
measuring high voltage outputs, and the accepted 
procedures for detecting the x-ray emissions. 





In summary, the survey of color television sets 
manufactured after the effective date of the 
Public Health Service standard shows improve- 
ment in the reduction of radiation emission. Those 
color television sets manufactured before the 
effective date of the standard that are being ser- 
viced by the factory-trained television servicemen 
reveal no levels of x-radiation emissions above 
natural background emissions. 

Hopefully, with the cooperation of the inde- 
pendent television serviceman and the individual 
color television set owner, the x-radiation problem 


in color television receivers will be eliminated, 
and the television x-radiation inspection program 
in Suffolk County will then be phased out. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, May 1971 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an in- 
dicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed by 
a large segment of the population and contains 
several of the biologically important radionuclides 
that may be released to the environment from 
nuclear activities. In addition, milk is produced 
and consumed on a regular basis, is convenient 
to handle and analyze, and samples representa- 
tive of general population consumption can be 
readily obtained. Therefore, milk sampling net- 
works have been found to be an effective mech- 
anism for obtaining information on current radio- 
nuclide concentrations and long-term trends. 
From such information, public health agencies 
can determine the need for further investigation 
or corrective public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office of 
Food Sanitation, Food and Drug Administration, 
U.S. Public Health Service, consists of 63 sampling 
stations: 61 located in the United States, one in 
Puerto Rico, and one in the Canal Zone, and many 
of the State Health Departments also conduct 
local milk surveillance programs which provide 
more comprehensive coverage within the indi- 
vidual State. Data from 15 of these State net- 
works are reported routinely in Radiological 
Health Data and Reports. Additional networks 
for the routine surveillance of radioactivity in 
milk in the Western Hemisphere and their spon- 
soring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—5 sampling 
stations 

Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling sta- 
tions 


The sampling locations that make up the networks 
presently reporting in Radiological Health Data 
and Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, the 
present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selective 
metabolism of the cow, which restricts gastro- 
intestinal uptake and secretion into the milk. 
The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140. 
A sixth radionuclide, potassium-40, occurs na- 
turally in 0.0118 percent (2) abundance of the 
element potassium, resulting in a specific activity 
for potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 


459 














o@ 


en. 
? 








HAWAII 





LEGEND: 
® Canadian Sampling Stations 


@ Pasteurized Milk Network 
Sampling Stations 





© Pan American Milk Sampling 
Program Stations 


C} States Presently Reported 


O 200 400 600 800 1000 Miles 


a 
0 300 600 900 1200 Kilometers 
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metabolically similar radionuclides (radiostron- 
tium and radiocesium, respectively). The con- 
tents of both calcium and potassium in milk have 
been measured extensively and are relatively con- 
stant. Appropriate values and their variations, 
expressed in terms of 2 standard deviations (2c), 
for these elements are 1.16 + 0.08 g/liter for 
calcium and 1.51 + 0.21 g/liter for potassium. 
These figures are averages of data from the PMN 
for May 1963—March 1966 (3) and were deter- 
mined for use in general radiological health cal- 
culations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making 
its determinations and the agreement of the 
measurements among the laboratories. The Ana- 
lytical Quality Control Service of the Office of 
Radiation Programs conducts periodic studies 
to assess the accuracy of determinations of radio- 
nuclides in milk performed by interested radio- 
chemical laboratories. The generalized procedure 
for making such a study has been outlined pre- 
viously (4). 

The most recent study was conducted during 
May-July 1970, with 28 laboratories participating 
in an experiment on milk samples containing 


known concentrations of strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140 
(5). Of the 18 laboratories producing data for 
the networks reporting in Radiological Health 
Data and Reports, 13 participated in the experi- 
ment. 

The accuracy results of this experiment are 
shown in table 1. In general, considerable im- 
provement is needed, especially in the accuracy 
measurements. These possible differences should 
be kept in mind when considering the integration 
of data from the various networks. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding 
of several parameters is useful for interpreting 
the data. Therefore, the various milk surveillance 
networks that report regularly were surveyed 
for information on analytical methods, sampling 
and analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, io- 
dine-131, cesium-137, and barium-140) are de- 
termined by gamma-ray spectroscopy of whole 
milk. Each laboratory has its own modifications 
and refinements of these basic methodologies. 


Table 1. Distribution of mean results, quality control experiment 


Isotope and known i 
concentration 


Strontium 89: High- " 
(258 pCi/liter) 
Low 

(15 pCi/liter) 
Intermediate_ 
(79.4 pCi/liter) 
Low 

(32.0 pCi /liter) 
High_ ‘ 
(507 pCi/liter) 
Low. _- — 
(49 pCi/liter) 
High 

(259 pCi/liter) 
Low " 
(53 pCi/liter) 
High . 
(302 pCi /liter) 
Low... 

(33 pCi/liter) 


Strontium-90: 


Iodine-131: 


Cesium-137: 


Barium-140: 


Acceptable* 


7 (44%) 
11 (69%) 
13 (57%) 


5 (25%) 


Number of laboratories in each category 


Warning 
level> 


Unacceptable¢ Total 


1 (6%) 8 (50%) 
3 (19%) 2 (12%) 
4 (17%) 6 (26%) 


4 (20%) 11 (55%) 


18 (67%) 2 ( 26%) 
16 (64%) 
20 (74%) 
17 (66%) 
18 (67%) 


23 (92%) 


® Measured concentration equal to or within 20 of the known concentration. : 
> Measured concentration outside 2¢ and equal to or within 3¢ of the known concentration 
© Measured concentration outside 30 of the known concentration 
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The methods used by each of the networks have 
been referenced in earlier reports appearing in 
Radiological Health Data and Reports. 

A previous article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 
survey. This reference and an earlier data article 
for the particular network of interest may be 
consulted should events require a more definitive 
analysis of milk production and milk consump- 
tion coverage afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more fre- 
quently but composite the several samples for one 
analysis, while others carry out their analyses 
more often than once a month. Many networks 
are analyzing composite samples on a quarterly 
basis for certain nuclides. The frequency of col- 
lection and analysis varies not only among the 
networks but also at different stations within 
some of the networks. In addition, the frequency 
of collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data presen- 
tation. Current levels for strontium-90 and 
cesium-137 are relatively stable over short periods 
of time and sampling frequency is not critical. 
For the short-lived radionuclides, particularly 
iodine-131, the frequency of analysis is critical 
and is generally increased at the first measure- 
ment or recognition of a new influx of this radio- 
nuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis (7) 
of raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated that 
for relatively similar milkshed or sampling areas, 
the differences in concentration of radionuclides 
in raw and pasteurized milk are not statistically 
significant (7). Particular attention was paid 
to strontium-90 and cesium-137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard-deviation counting errors or 2-stan- 
dard-deviation total analytical errors from repli- 
cate analyses (3). The practical reporting level 
reflects analytical factors other than statistical 
radioactivity counting variations and will be used 
as a practical basis for reporting data. 
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The following practical reporting levels have 
been selected for use by all networks whose prac- 
tical reporting levels were given as equal to or 
less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
lodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases, 
the larger value is used so that only data con- 
sidered by the network as meaningful will be pre- 
sented. The practical reporting levels apply to 
the handling of individual sample determinations. 
The treatment of measurements equal to or below 
these practical reporting levels for calculation 
purposes, particularly in calculating monthly 
averages, is discussed in the data presentation. 

Analytical error or precision expressed as pCi/ 
liter or percent in a given concentration range 
have also been reported by the networks (3). 
The precision errors reported for each of the 
radionuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 

1-5 pCi/liter for levels 
pCi /liter; 

5-10% for levels > 50 pCi/liter; 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels > 20 pCi/ 
liter; 

4-10 pCi/liter for levels <100 
pCi /liter; 

4-10°% for levels > 100 pCi/liter. 


Radionuclide 
Strontium-89 





<50 


Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and _ barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter for 
Colorado. This is reflected in the practical level 
for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
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Table 2. Concentrations of radionuclides in milk for May 1971 and 12-month period, June 1970 through May 1971 


Radionuclide concentration 
(pCi /liter) 


Sampling location Type of ; : ne se 
sample* Strontium-90 Iodine-131 Cesium-137 


Monthly 12-month Monthly 12-month Monthly 12-month 
average> average average» average average» average 


UNITED STATES: 


Montgomery*__ 
Palmer¢ 
Phoenix¢ 
Little Rocke 
Sacramento* 
San Francisco* 
Del Norte 
Fresno 
Humboldt__ 
Los Angeles 
Mendocino 
Sacramento 
San Diego 
Santa Clara 
Shasta 
Sonoma 
Colo: Denvere_ 
West 
Northeast 
Sast 
Southeast 
South Central 
Southwest 
Northwest_ 
Conn: Hartforde 
Central 
Wilmingtone 
Washington¢ 
Tampa‘ 
West 
North 
Northeast 
Central 
Tampa Bay area 
Southeast - 
Atlanta‘ 
Honolulu¢ 
Idaho Falls¢ 
*hicago® 
Indianapolis* 
Northeast 
Southeast 
Central 
Southwest 
Northwest 
Des Moines¢ 
Iowa City 
Des Moines 
Spencer 
Fredericksburg 
Wichita‘ 
Coffeyville 
Dodge City 
Falls City 
Hays 
Kansas City 
Topeka 
Wichita 
Louisvillee___ 
a: New Orleans 
Maine: Portlands 
Md: Baltimore¢ 
Mass: Boston¢ 
Mich: Detroit¢ 
Grand Rapids¢ 
Bay City 
Charlevoix 
Detroit 
Grand Rapids 
Lansing 
Marquette 
Monroe 
South Haven 
Minn: Minneapolis¢ 
Bemidji 
Mankato 
Rochester 
Duluth 
Worthington 
Minneapolis 
Fergus Falls 
Little Falls 


Cr & to te Worle Oro 


) 
6 


. ) 
A 8 

7 

7 


IO OP Re 
Z 
SN OONNine 


Z 


ZeAZ ZAZ 
a ed lk ald ed 


ZZ ZZ 
Lh tee PP OS 


Ions 


See footnotes at end of table. 
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Table 2. Concentration of radionuclides in milk for May 1971 and 12-month period 
June 1970 through May 1971—Continued 


Radionuclide concentration 
(pCi/liter) 


Sampling location | Type of —— 7 . Z a 
samples | Strontium-90 Iodine-131 


Cesium-137 


Monthly 12-month Monthly 12-month Monthly 12-month 


| 
average | average average> average average> average 


UNITED STATES—Continued 


Miss: Jackson _ - --- 

Mo: Kansas City®_ - 
St. Louis¢_ 

Mont: Helena‘ 
Omaha¢ 
Las Vegas* _ - 
Manchester® 
Trenton¢ 
Albuquerque* 
Buffalo 
New York Citys 
Syracuse* 
Albany 
Massena 
Newburg 
New York City- 
Syracuse 

N.C: Charlotte 

N. Dak: Minot¢ 

Ohio: Cincinnati 
Cleveland: 

Okla: Oklahoma City* 

Oreg: Portlande 
Baker__- 
Coos Bay - - 
Eugene 
Medford 
Portland composite 
Portland local 
Redmond 
Tillamook_ 
Philadelphiat - - 
Pittsburghe 
Dauphin 


— 
ol? ok) 


ll ll ll lad 
se bo orc 


Ree 


ie 


Senuaeun 


UConn 


Owes 


cCuUntinw 
Se CI ew 


SOP PrP Rw KIS 
Ces 


orie 

Philadelphia 
Pittsburgh 
Providence* 
Charleston¢ 
Rapid Citys 

Tenn: Chattanooga‘ 
Memphis* 
Chattanooga 
Clinton 
Fayetteville 
Knoxville 
Nashville_- 
Austin¢ 
Dallase 
Amarillo 
Corpus Christi 
| Paso 
Forth Worth 
Harlingen 
Houston 
Lubbock 
Midland 
San Antonio 
Texarkana 
Tyler 
Uvalde 
Wichita Falls 
Salt Lake Citys 
Burlington® 
Norfolke 
Seattle 
Spokane¢ 
Benton County 
Franklin County 
Sandpoint, Idaho 
Skagit County 
Charleston‘ 
Milwaukeec 
Laramie‘ 


: 
1 
9 


NWAork or wots 


PAS 


— ee hoe bh 


_g2ze_ 2 
Lorre, 
D100 © Orr 


oe 
et et et et 


Crt wor 


YZ ALALLLALLLZLLLLLLLLLA 


Sr rocnorrrry 


ZZZ 


CANADA 


Alberta: Calgary 
Edmonton 

British Columbia: Vancouver 

Manitoba: Winnipeg 


LZZAZZ 
rrr 


See footnotes at end of table 
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Table 2. 


Concentration of radionuclides in milk for May 1970 and 12-month period 


June 1970 through May 1971—Continued 


Type of 7 
sample* 


| 
| 
| 
| 


| 
| 
Sampling location 
| 
| 


CANADA: Continued 


New Brunswick: Fredericton 
Newfoundland: St. John’s 
Nova Scotia: Halifax_ _- 
Ontario: Ottawa _- 

Sault Ste. Marie____ 
Thunder Bay - -- 
Toronto___--- 
Windsor _ _ _ - 
Montreal 
Quebec - - 
Regina___ 
Saskatoon_ 


, AND SOUTH AMERICA: 


Quebec: 


Saskatchewan: 


ZAZZZZZZZZZZ 
ll a al ad 


CENTRAL 


Colombia: 
Chile: 
Ecuador: 
Jamaica: 
Venezuela: 
Canal Zone: 
Puerto Rico: 


Bogota_ 
Santiz 4go_ 
Guayaquil__ 
Kingston__ 
Caracas__- 
Cristobale_ 
San Juan¢_ 





PMN network averagef 


« P, pasteurized milk. 
R, raw milk. 


b When an individual sampling result was equal to or less than the practical reporting level 


Strontium-90 


Mont hly 
average> 


Radionuclide concentration 
_ liter) 


Iodine-131 Cesium-137 
a 


Monthly 
average> 


Monthly 
average> 


12-month 
average 


12-month 
average 


12-month 
average 


, a value of ‘‘0”’ was used for averaging. Monthly averages less 


than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses. 


¢ Pasteurized Milk Network station 
4 Radionuclide analysis not routinely performed 


All other sampling locations are part of the State or National network. 


> The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or less 


then the following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 
Oregon—15 pCi/liter 


Cesium-137: 


Colorado— 
New York 
Oregon 


25 pCi /liter 
-20 pCi/liter 
15 pCi/liter 


Strontium-90: New York—3 pCi/liter 


f This entry gives the average radionuclides concentrations for the Pasteurized Milk Network stations denoted by footnote ¢ 


NA, no analysis. 
NS, no sample collected. 


Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environmental conditions was presented 
in the December 1970 issue of Radiological Health 
Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health Data 
and Reports. The relationship between the PMN 
stations and the State stations is shown in figure 
2. The first column under each of the reported 
radionuclides gives the monthly average for the 
station and the number of samples analyzed in 
that month in parentheses. When an individual 
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sampling result is equal to or below the practical 
reporting level for the radionuclide, a value of 
zero is used for averaging. Monthly averages are 
calculated using the above convention. Averages 
which are equal to or less than the practical re- 
porting levels reflect the presence of radioactivity 
in some of the individual samples greater than the 
practical reporting level. 

The second column under each of the radionu- 
clides reported gives the 12-month average for 
the station as calculated from the preceding 12 
monthly averages, giving each monthly average 
equal weight. Since the daily intake of radioac- 
tivity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 
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Figure 2. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
May 1971 and the 12-month period, June 1970 
to May 1971. Except where noted, the monthly 
average represents a single sample for the sampling 
station. Strontium-89 and barium-140 data have 
been omitted from table 2 since levels at the great 
majority of the stations for May 1971 were below 
the respective practical reporting levels. Table 3 
gives monthly averages for those stations at 
which strontium-89 and barium-140 were de- 
tected. 

Iodine-131 results are included in table 2, 
even though they were generally below practical 
reporting levels. Because of the lower guide 
levels established by the Federal Radiation 
Council, levels in milk for this radionuclide are 
of particular public health interest. In general, 
the practical reporting level for iodine-131 is 
numerically equal to the upper value of Range I 
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State and PMN milk sampling stations in the United States 


Table 3. Strontium-89 and barium-140 in milk 


May 1971 


Radionuclide concentration 
(pCi /liter) 
Sampling location - i 


| 
Strontium-89 


Barium-140 


Calif: Del Norte (State) _ __ 
Humboldt (State) _ 
Mendocino (State) _ _ _ - 
Sacramento (State)_ 
Coffeyville (State) __ 
Dodge City (State) 
Hays (State)_______ 
Topeka (State)______- 

Oreg: Portland (PMN)--- 

Tenn: Chattanooga (State) _ 
Clinton (State) ____ 
Knoxville (State) ___ 
Nashville (State) - 


(10 pCi/liter) of the FRC radiation protection 
guide. 

Strontium-90 monthly averages ranged from 0 
to 20 pCi/liter in the United States for May 1971, 
and the highest 12-month average was 16 pCi/ 
liter (Del Norte, Calif.) representing 8.0 percent 
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of the Federal Radiation Council radiation pro- 
tection guide. Cesium-137 monthly averages 
ranged from 0 to 74 pCi/liter in the United States 
for May 1971, and the highest 12-month average 
was 81 pCi/liter (Southeast Florida), repre- 
senting 2.3 percent of the value derived from the 
recommendations given in the Federal Radia- 
tion Council report. Of particular interest are 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. 
These estimates, along with the guidance de- 
veloped by the Federal Radiation Council, pro- 
vide a basis for evaluating the significance of 
radioactivity in foods and diet. 
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Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing esti- 
mates of nationwide dietary intakes of radio- 
nuclides. Programs reported in Radiological Health 
Data and Reports are as follows: 


Period reported Issue 





California Diet Study January-June 1970 November 1970 


Carbon-14 in Total Diet 


and Milk July-December 1970 May 1971 
Connecticut Standard Diet July-December 1969 December 1970 
Institutional Diet Samples October-December 1970 May 1971 

and Annual Summary 1970 
Strontium-90 in Tri-City January—December 1969 June 1970 


Diets 
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1. Radionuclides in Institutional Diet 
Samples, January-March 1971 


Environmental Protection Agency and 
Food and Drug Administration 


The determination of radionuclide concen- 
trations in the diet constitutes an important 
element of an integrated program of environ- 
mental radiological surveillance and assessment. 
In recognition of the potential significance of the 
diet in contributing to total environmental radia- 
tion exposures, the Public Health Service initiated 
its Institutional Diet Sampling Program in 1961. 
The program is administered by the Office of 
Radiation Programs, Environmental Protection 
Agency with the assistance of the Office of Food 
Sanitation, Food and Drug Administration (1). 

The program was designed to provide estimates 
of the dietary intake of radionuclides in a selected 
population group ranging from children to young 
adults of school age. At the present time, 25 in- 
stitutions, distributed geographically as shown 


in figure 1, are being sampled. Previous results 
showed that the daily dietary intakes of teenage 
girls and children from 9 to 12 years of age were 
comparable, while teenage boys consumed 20 
percent more food per day (1, 2). Consequently, 
estimates for teenage boys and/or girls can be 
calculated on the basis of the dietary intake of 
children. 

In general, the sampling procedure is the same 
at each institution. Each sample represents the 
edible portion of the diet for a full 7-day week, 
(21 meals plus soft drinks, candy bars, or other 
in-between snacks) obtained by duplicating the 
meals of a different individual each day. Drinking 
water, not included in the samples, is also sampled 
periodically. Each daily sample is kept frozen 
until the end of the collection period and is then 
packed in dry ice and shipped by air express to 
either the Western Environmental Research 
Laboratory, Las Vegas, Nev; the Eastern En- 
vironmental Radiation Laboratory, Montgomery, 
Ala; or the Northeastern Radiological Health 
Laboratory, Winchester, Mass. A detailed de- 
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Figure 1. 
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Institutional diet sampling locations as of January-March 1971 





Table 1. 


Total 
weight |_ 
(kg /day) | 


Location of Institution Month 


(1971) 


(g/kg) 


| 
| 


Alaska: Juneau- 
Palmer - -- 
Phoenix _ _ - 
Little Rock-_- 
Los Angeles_ 
San Francisco 
Wilmington 
Tampa__-- 
Honolulu 
Louisville 
New Orleans-_ 
Portland__- 
Boston _ _ 
Omaha- 
Carson City_- 
Albuquerque 
Cleveland__ 
Portland_ 
Pittsburgh 
Charleston. 
Sioux Falls_- 
Austin____ 
Salt Lake City 
Seattle _ - 


0. 
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Concentration and intake of stable elements and radionuclides in institutional total diets of children 
January-March 1971 
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® Food samples were collected from two or more children who were not be 
Note: Strontium-&9, iodine-131, and barium-140 were not detected at ar 


scription of sampling and analytical procedures 
was presented earlier (3). 


Results 


Table 1 presents the analytical results for 
institutional diet samples collected from all 
stations for January-March 1971. The stable 
elements, calcium and potassium, are reported 
in g/kg of diet. The radionuclide concentrations 
of these samples reported in pCi/kg of diet are 
corrected for radioactive decay to the midpoint 
of the sample collection period, where applicable. 
Dietary intakes in g/day or pCi/day were ob- 
tained by multiplying the food consumption rate 
in kg/day by the appropriate concentration 
values. The average food consumption rate during 
this period was 1.83 kg/day compared to the 
network average of 1.87 kg/day observed from 
1961 through 1969. 

Strontium-90 dietary intake averaged 5 pCi/day 
and cesium-137 intake averaged 6 pCi/day during 
this period. These results fall within Range I 
as defined by the Federal Radiation Council (4). 
Strontium-89, barium-140, and iodine-131 con- 
centrations were below detectable levels. 

All concentrations that are less than or equal 
to the appropriate minimum detectable level 
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tween the ages of 9 and 12. 
1y station during this period. 


have been reported as zero. The minimum de- 
tectable concentration is defined as the measured 
concentration equal to the 2-standard-devia- 
tion analytical error. Accordingly, the minimum 
detectable limits are as follows: 


Strontium-89 
Strontium-90 
Iodine-131 
Cesium-137 
Barium-140 


5 pCi/kg 
2 pCi/kg 
10 pCi/kg 
10 pCi/kg 
10 pCi/kg 
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Issue 
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SECTION II. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated water. 
Most of these programs include determinations 
of gross beta and gross alpha radioactivity and 
specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for ap- 
proval of a drinking water supply containing 
radium-226 and strontium-90 at 3 pCi/liter and 
10 pCi/liter, respectively. Higher concentrations 


Water sampling program 
California 





may be acceptable if the total intake of radio- 
activity from all sources remains within the guides 
recommended by FRC for control action. In the 
known absence! of strontium-90 and alpha- 
particle emitters, the limit is 1,000 pCi/liter gross 
beta radioactivity, except when additional analy- 
sis indicates that concentrations of radionuclides 
are not likely to cause exposures greater than the 
limits indicated by the Radiation Protection 
Guides. Surveillance data from a number of 
Federal and State programs are published periodi- 
cally to show current and long-range trends. Water 
sampling activities reported in Radiological Health 
Data and Reports are listed below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for un- 
identified alpha-particle emitters and strontium-90, respec- 
tively. 


Period reported Issue 





July-December 1968 
1970 

January—December 1969 
July-December 1969 
January-December 1967 
January—June 1969 
January—December 1969 
1969 

January—March 1971 
July 1968-June 1969 


August 1970 
July 1971 
September 1970 
May 1971 

May 1969 

June 1970 

July 1970 
December 1970 
July 1971 
February 1971 


Interstate Carrier Drinking Water 
Kansas 

Minnesota 

North Carolina 

New York 

Radiostrontium in Tap Water, HASL 
Tritium in Community Water Supplies 
Tritium Surveillance System 
Washington 
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Gross Radioactivity in Surface Waters of the United States, January 1971 


Office of Water Programs 
Environmental Protection Agency 


The monitoring of gross radioactivity in surface 
waters of the United States was begun in 1957 as 
part of the Water Pollution Surveillance System 
(formerly National Water Quality Network) of 
the U.S. Public Health Service. Currently, the 
program is operated by the Environmental Pro- 
tection Agency, Office of Water Programs. Re- 
gional Offices of the Environmental Protection 
Agency are responsible for the collection of samples 
and entering of the analytical findings into 
STORET, the Office of Water Programs’ com- 
puterized data storage and retrieval system. 
Radioactivity analyses are performed in the 
centralized radioactivity laboratories of the Of- 
fice of Water Programs (Cincinnati, Ohio). 

The regular reporting of gross radioactivity 
data in Radiological Health Data and Reports was 
terminated with the publication of data for the 
month of October 1968 (April 1969 issue). With 


Table 1. 


Number 
of grab 
samples®* 


River and station = 
Suspended 
solids 


Clinch River: 
Kingston, Tenn._ 


Great Miami: 
Elizabethtown, Ohio- 
American Material 

Bridge, Ohio _ - 
Fairfield, Ohio 
Sellars Road Bridge, 

Ohio- 

Kentucky River: 

Lock and Dam No. 1 

Licking River: 

Covington, Ky 

Little Miami River: 
Cincinnati, Ohio-__-- 

Mississippi River: 
Burlington, Iowa_- - 

Ohio River: 

Markland Dam_--- 
Cincinnati, Ohio_-- 
Portsmouth, Ohio__--- - 
Ironton, Ohio- - - } 

Roanoke River: 
John Kerr Dam, Va_-_--- 


om 


~ 


St. Lawrence River: 
Massena, N.Y-_-- 


A A A AKA AA A_AA A A 


St. Mary River: 

Sault Ste. Marie, Mich- 
Susquehanna River: 

Holtwood, Pa- 
Whitewater River: 

State Line (Ohio-Ind.)_---| 





Gross alpha radioactivity 
(pCi/liter) 


this publication of data for January 1971, it is 
intended to reinitiate this activity. The unpub- 
lished data for the time interval of November 
1968 through December 1970 will be the the sub- 
ject of a future summary article. 

Table 1 presents the gross alpha and beta re- 
sults for samples collected from 12 rivers during 
January 1971. The analytical procedures used for 
determining gross alpha and beta radioactivity 
are described in the 13th Edition of “Standard 
Methods for the Examination of Water and 
Wastewater” (1). Results are reported for the 
date of counting and are not corrected by extrapo- 
lation to the date of collection. The sensitivity in 
counting is that defined by the National Bureau 
of Standards, Handbook 86 (2) and is calculated 
to be <0.2 pCi/liter for gross alpha and <1 
pCi/liter for gross beta measurements. 


Gross radioactivity in U.S. surface waters, January 1971 





Gross beta radioactivity 
(pCi /liter) 


Dissolved Suspended Dissolved 
solids solids solids 


2 <1 (<1, 1) 10 (7, 14) 


9 


re) « 

6 (2, 11) (3, 5) 
10 

9 


<1 (<1, 1) (4, 4) 





<1 (<1, 1) 3 (6, 6) 


<i 


2 





| 
<1 | 





® Where more than one sample is analyzed, the minimum and maximum values are in parentheses. 
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Radioactivity in New York Surface Water 
July-December 1969 and January-June 1970 


Bureau of Radiological Pollution Control 


New York State Department of Environmental Conservation 


In 1955, the New York State Department of 
Health began a program to determine the amount 
of radioactivity in water used for public consump- 
tion. On July 1, 1971 this program was transferred 
to the newly formed New York State Department 
of Environmental Conservation. Radioactivity in 
water may arise from any one or a combination 
of the following sources: the natural mineral con- 
tent of water (background), atmospheric fallout, 
or nuclear industry operations. 


Analytical procedures 

A measured quantity of water, usually 500 ml, 
is evaporated and the residue is analyzed for its 
gross beta component in an end-window, gas-flow 
proportional counter. 

Strontium and alkaline earths are precipitated 
as carbonates from a 500-ml sample. Iron and rare 
earths are removed by hydroxide scavenging, 
while barium is precipitated as a chromate. Stron- 
tium is finally precipitated as a sulphate from a 
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Figure 1. 


September 1971 


New York water sampling locations 





pH controlled EDTA solution. Calcium and 
yttrium remain in solution as EDTA complexes 
(1-2). 

Strontium-90 is determined by yttrium-90 
ingrowth counting of the final precipitate at less 
than 6 hours after precipitation and again at 
greater than 50 hours using a low background 
(less than 1 epm) gas-flow, proportional beta- 
particle counter. Strontium-89 is estimated by 
taking the difference between the total strontium 
and the strontium-90 radioactivity. 

Chemical recovery is between 70 and 75 percent 
and results in a minimum detectable radioactivity 
of 3 pCi/liter + 100 percent at the 95-percent 
confidence level. 

Tritium in water is determined by liquid 
scintillation counting of 3 ml of distilled sample 
in 17 ml of scintillator solution. The scintillator 
solution consists of 4 g PPO, 0.25 g naphthalene 
dissolved in 1 liter of dioxane. The sample is 
counted twice for a total of 100 minutes using 
either a Packard Tri-Carb model 3315 or a 
Beckman LS 200B liquid scintillation spectro- 
meter. Minimum sensitivities at the 95-percent 
confidence level + 100 percent are 1,000 pCi/liter 
for the Tri-Carb and 500 pCi/liter for the Beck- 
man. 


Discussions and results 


Radioactivity levels in water for July-Decem- 
ber 1969 continued to remain low throughout the 
State with the exception of Buttermilk and 
Cattaraugus Creeks downstream from Nuclear 
Fuel Services. The gross beta and strontium-90 
levels in Cattaraugus Creek for October-Decem- 
ber were higher than for the July-September 
1969 period. The average concentration of stron- 
tium-90 in Cattaraugus Creek at Springville 
Dam was 98 pCi/liter for the October-December 
1969 period as compared to 25 pCi/liter for the 
July-September 1969 period. A new water sam- 
pling station was added, the Ontario filter plant 
in Wayne County (figure 1). 

During July-September 1969, some water sam- 
ples were collected from Cattaraugus Creek at 
Felton Bridge, site 032, instead of the Springville 
Dam, site 042, due to the annual cleaning opera- 
tion to flush out silt from behind the dam. A grab 
sample upsteam from the dam at Felton Bridge 
was collected on September 17, 1969 and con- 
tained 915 pCi/liter gross beta radioactivity. 
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This is higher than the 600 pCi/liter considered to 
be the allowable limit for gross beta radioactivity. 

Beta and gamma radiation from the isotope 
ruthenium-106 has started to appear in significant 
concentrations in the water courses below Nuclear 
Fuel Services resulting in increased gross beta 
levels. This increase apparently results from the 
processing of spent fuel that had a shorter storage 
period than fuels previously processed. Ruthe- 
nium-106. has a good fission yield and will decay 
in spent fuel with a half-life of 1 year, so that the 
longer spent fuel is stored before processing, the 
less the ruthenium-106 activity. The amount of 
ruthenium-106 in spent fuel stored for 5 years will 
be lower by a factor of 16 than spent fuel stored 
for 1 year. The maximum concentration allowed 
for ruthenium-106 in drinking water is 10.0 nCi/ 
liter and the most important human exposure is 
the exposure to the lower large intestine. 
Ruthenium-106 does not concentrate in any 
particular organ of the human body nor has it 
been found to significantly reconcentrate in edible 
fish, milk, or other food pathways for human ex- 
posure. 

The number of samples and the quarterly 
average, maximum, and minimum gross beta- 
particle concentrations in New York surface 
water for July-December 1969 are given in table 
1. Strontium-90 in surface water is shown in 
table 2. 

Radioactivity levels in water for the January- 
June 1970 period continue to remain low through- 
out the State with the exception of Buttermilk 
and Cattaraugus Creeks, downstream of Nuclear 
Fuel Services, Incorporated. Two daily samples 
from Site 042 (Cattaraugus Creek at Springville 
Dam) were over 600 pCi/liter which is considered 
to be the allowable AEC limit for gross beta radio- 
activity. 

The water sample collected on May 26, 1970 
from Cattaraugus Creek downstream at Gowanda 
contained a gross beta concentration of 1,166 
pCi/liter. During this period, the stream beds in 
Cattaraugus and Buttermilk Creeks were dis- 
turbed by bulldozer operations which probably 
resuspended clay and silts which flowed down- 
stream. Both suspended and dissolved solids 
portions of the sample were analyzed for radio- 
activity and most of the gross radioactivity was 
found in the suspended solids portion of the 
sample. 
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Table 1. Gross beta radioactivity in New York raw surface water, July-December 1969* 


Gross beta radioactivity 
(pCi /liter) 





inane 
Location July-September 1969 | October-December 1969 
a . = = 


| | | 
Number of} Average | Maximum Minimum |Number of} Average Maximum | Minimum 
samples | samples | 


to 


‘Ashford (Buttermilk Creek at Fox V: alley Road) - 
(Buttermilk Creek at Thomas Corners)» 
(Cattaraugus Creek at Bigelow —— 
(Cattaraugus Creek at Felton weaned 

Brant (Cattaraugus Creek) 

Collins (Cattaraugus Creek) 

Concord (Cattaraugus Creek) __ 

(Cattaraugus Creek—Site 042) _ 

Crescent (Crescent Dam)_- 

Geneva (Seneca Lake) - - 

Glenmont (Hudson River) - 

New Haven (Lake Ontario) ____ 

New York City. ‘ida 

Niagara Falls (West Br: anch, Niagara River) ____ 

Ontario Filter Plant _-_ 

Ossining (Indian Brook Reservoir) - 

(Sing Sing) (Hudson River) __ 

Oswego - - 

Pawling (Pond at United Nuclear) - 

Peekskill (Camp Field water supply) _ . 
(Hudson River) - i 

Tuxedo (Indian Kill) __ - 

Watertown (Black River) 

Yorktown (Croton Reservoir) __ 
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* Excluding tritium. 

> This station is on the Nuclear Fuels Services reprocessing plant site. 
NA, no analysis. 
ND, nondetectable. 
NS, no sample. 


Table 2. Strontium-90 concentration in New York surface waters, July-December 1969 





Radionuclide concentration 
(pCi /liter) 


Location —_ September 1969 October-December 1970 


Number of| Average | Maximum | Minimum |Number of} Average Maximum | Minimum 
samples samples 


Ashford (Buttermilk Creek at Thomas Corners)* 
(Cattaraugus Creek at Felton Bridge) ____ 
(Cattaraugus Creek at Bigelow Bridge) - 
(Buttermilk Creek at Fox V peed Road) -- 

Brant (Cattaraugus Creek) 

Collins (Cattaraugus Creek) - 

Concord (Springville Power Dam on 
Cattaraugus Creek) 

(Springville Dam—Site 04: 2)b__ ; 

Hudson River at Standard Brands_-- -_ _ - 

Hudson River at Sing Sing - - 


rt ~ 
th we bo 


- 


bot orto 


8 This station is in the Nuclear Fuels Services reprocessing plant site. 
b Daily continuous sample taken. 

ND, nondetectable. 

NS, no sample. 


Table 4. Gross beta radioactivity in water samples 


Table 3. Radioactivity in an algae sample collected Croton Reservoir 


July 9, 1970, Croton Reservoir 

| oe Date | Concentration 
Radionuclide Concentration (1970) (pCi/liter) 
| (pCi/kg wet weight) 
| el IES. 
| 


April 16- a 
2,916 May 18_--- 
479 June 16___- 
1,484 July 2__- 
nondetectable July 15___- 


Ruthenium-rhodium-106 
Cesium-137 - - 
Zirconium-niobium-95- 
Cobalt-60 


September 1971 





A grab water sample collected on May 18, 1970 __ table 4. 

from Croton Reservoir at Taconic showed a It was concluded that the water sample with 
gross beta concentration of 80 pCi/liter. An iso- — the high result was collected too close to the shore- 
topic gamma analysis was made on this sample, __ line in shallow water and some algae was included 
and ruthenium-106 was nondetectable. Zireonium- _in the water sample. The radioactivity found in 
95 was found in a concentration of 53 pCi/liter. | the water sample and in the algae sample appears 
An algae sample was collected July 9,1970 at the to have originated from fallout associated with 
same sampling point, and the results are shown atmospheric weapons testing. This sampling point 
in table 3. Gross beta results of grab water sam- _— has been changed to deeper water in the Croton 
ples taken from this sampling point, around the Reservoir in order to obtain a more representa- 
period of the relatively high result, are given in tive water sample in the future. 


Table 5. Gross beta radioactivity in New York raw surface water, January-June 1970* 





Gross beta radioactivity 
(pCi /liter) 


Location January-March 1970 April-June 1970 


{Number of} Average Maximum | Minimum |Number of; Average Maximum | Minimum 
samples samples 





Albany- : 

Ashford (Buttermilk Creek at Fox Vs alley Road)s__| 
(Buttermilk Creek at Thomas Corners)>___ 
(Cattaraugus Creek at Bigelow Bridge) - 

Brant (Cattaraugus Creek) 

Collins (Cattaraugus Creek) 

Concord (Cattaraugus Creek) 

Geneva (Seneca Lake) - - 

Glenmont (Hudson River) - 

New Haven (Lake Ontario) - - 

New York City 

Niagara Falls (West Branch Niagara River) - 

Ossining (Indian Brook Reservoir) ___- 
(Sing Sing) (Hudson River) 

Oswego 2 

Pawling (Pond at United Nuclear) _- 

Peekskill (Camp Field Water Supply) -- 
(Hudson River) 

Tuxedo (Indian Kill) - 

Watertown (Black River) 

Yorktown (Croton Reservoir) 
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® Excluding tritium. 
> This station is on the Nuclear Fuels Services reprocessing plant site. 
ND, nondetectable. 


Table 6. Strontium-90 concentration in New York surface waters, January-June 1970 





Radionuclide concentration 
(pCi /liter) 


Location | January-March 1970 April-June 1970 


Number of Average Maximum | Minimum |Number of| Average Maximum | Minimum 
samples | samples 


Ashford (Buttermilk Creek at Thomas Corners)* 
(Cattaraugus Creek at Bigelow Bridge) 
(Buttermilk Creek at Fox Valley Road)_ 

Brant (Cattaraugus Creek at Irving) 

Collins (Cattaraugus Creek at Gowanda) _- 

Concord (Springville Power Dam on 
Cattaraugus Creek) 

(Springville Dam—Site 042)» 

Derby (Sturgeon Point Station) 

Peekskill (Hudson River at Standard Brands) 
(Hudson River—Sing Sing) 





* This station is in the Nuclear Fuels Services reprocessing plant site. 
> Daily continuous sample taken. 
ND, nondetectable. 
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Gross beta-particle concentrations for the Janu- 
ary—June 1970 period are given in table 5; stron- 
tium-90 concentrations are given in table 6. 

Tritium concentration values for July 1969- 
June 1970 are given in tables 7 and 8. Tritium, 
the radioactive isotope of hydrogen, a very low 
energy beta-particle emitter, is released to the 
water courses during the reprocessing of nuclear 
fuel. The tritium concentrations in Cattaraugus 
and Buttermilk Creeks reflected contributions 
to the streams from the Nuclear Fuels Services 
reprocessing plant. 


Table 7. 


Location | 
aemnee 
|Number of} Average 

samples 

| 


Albany- 

Ashford (Buttermilk Creek at Fox V alley Road) 
(Buttermilk Creek at Thomas Corners) *- 
(Cattaraugus Creek at Bigelow Bridge) - - - 
(Cattaraugus Creek at Felton Bridge) - - 

Brant (Cattaraugus Creek) - aes 

Collins (Cattaraugus Creek) 

Concord (Springville Power Dam on 
Cattaraugus Creek) _- ‘ 

(Springville Dam- -Site 04: 2)b__ 

Crescent (Crescent Dam) 


® This station is on the Nuclear Fuels Services reprocessing plant site. 
> Daily continuous sample. 

ND, nondetectable. 

NS, no sample. 


Table 8 


Tritium concentrations of New Y 


July-September 1969 


Maximum 
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Recent coverage in Radiological Health Data and Reports: 


Period 
January—June 1969 


Issue 
June 1970 


ork surface waters, July-December 1969 


Concentration 
(nCi /liter) 





October-December 1969 
| o is 
|Number of 

samples 





= | , — 
Minimum Average Maximum | Minimum 





Tritium concentration of New York surface waters, January-June 1970 





Location 





Number of 
samples 


Albany 
(Colonie Filtration Plant) - 

Ashford (Buttermilk Creek at Fox V alley Road) 
(Butte es Creek at Thomas Corners)*____ - - 
(Cattaraugus Creek at Bigelow 7 

Brant (Cattaraugus Creek) - 

Collins (Cattaraugus Creek) - 

Concord (Springville Power Dam on 
Cattaraugus Creek) - 

(Springville Dz am-Site 04: a. . 

Crescent (Crescent Dam) - ashi 

Derby (Sturgeon Point Station) ____- 

Oswego (City Hall Tap) -_-__- as 

New Haven (Demster Peach Road) -___- 

Rhinecliff (Hudson River) - 

Wappinger (Hudson River) _- 


* This station is on the Nuclear Fuels Services reprocessing plant site. 
> Daily continuous sample taken. 

ND, nondetectable. 

NS, no sample. 


September 1971 


January-March 1970 


Average ir Maximum 
} 
y 


Concentration 
(nCi/liter) 


April-June 1970 


|Number of| 
samples 


Minimum Average Maximum | Minimum 
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SECTION IIIf. AIR 


AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest in- 
dications of changes in environmental fission pro- 
duct radioactivity. To date, this surveillance has 
been confined chiefly to gross beta radioanalysis. 
Although such data are insufficient to assess total 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 


Network 
Fallout in the United States and 
other Areas, HASL 
Plutonium in Airborne Particulates 
and Precipitation 
Surface Air Sampling Program, 80th 
Meridian Network, HASL 


July-December 1970 


January—December 1968 


cally to show current and long-range trends of 
atmospheric radioactivity in the Western Hemis- 
phere. These include data from activities of the 
Environmental Protection Agency, the Canadian 
Department of National Health and Welfare, 
the Mexican Commission of Nuclear Energy, and 
the Pan American Health Organization. 

In addition to those programs presented in 
this issue, the following programs were previously 
covered in Radiological Health Data and Reports. 


Period Issue 


July-December 1968 and 
January—December 1969 


January 1971 
June 1971 


April 1971 
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1. Radiation Alert Network 


May 1971 


Office of Air Programs 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 70 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State Health Department personnel. 

The station operators perform ‘“‘field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after 


collection, when most of the thoron daughter 
products have decayed. They also perform field 
estimates on dried precipitation samples and 
report all results to appropriate Environmental 
Protection Agency officials by mail or telephone, 
depending on levels found. A compilation of the 
daily field estimates is available upon request 
from the Data Acquisition and Analysis Branch, 
Division of Air Quality and Emission Data, EPA, 
Durham, N.C. A detailed description of the sam- 
pling and analytical procedures was presented 
in the March 1968 issue of Radiological Health 
Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates and 
deposition by precipitation, as measured by the 
field estimate technique, during May 1971. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure l. 
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Radiation Alert Network sampling stations 





Table 1. Gross beta radioactivity in surface air and precipitation, May 1971 





Precipitation 





Gross beta radioactivity 

Number | (5-hour field estimate) Field estimation of deposition 

oO (pCi/m!) | Number 
samples | } of 4 l 

EP a ee eee samples Total 


| | | deposition 
| Maximum Minimum | Average* | (nCi/m?) 


Station location 











Montgomery 
Anchorage-__- 
Attu Island___- 
Fairbanks - __ 
Juneau___- 


Nome... .-- 
Point Barrow 


Phoenix. - - - - 
Little Rock__ 
Berkeley - - - -- - - 
Los Angeles_____- 


Ome Our 


Washington 
Jacksonville _ - - 
Miami- - - - 


moe tbo 


= 


Guam: 

Hawaii: 

Idaho:  Boise-_- 
Ill: Springfield 
Ind: Indianapolis - - 
lowa: Iowa City _- 
Kans: Topeka - _- 
Ky: Frankfort - 
La: New Orleans___ 


-_ 


Maine: Augusta_-_-_- 
Md: Baltimore _ - 
Mass: Lawrence____ 
Winchester _ - 
Mich: Lansing - 
Minn: Minneapolis. -- 
Miss: Jackson-_-_- 
Mo: Jefferson City 
Mont: Helena_- 
Lincoln - - - - 


oe Shoe NN oh 
CNH ee eee O 
to 2 - 
NOACHHOWrHOS 


Las Vegas-- 
Concord___- 
Trenton___- 

: Santa Fe 
Albany___- 
Buffalo___- : 
New York City _ - 
Gastonia - --- -_-- 

N. Dak: Bismarck__- 


Ohio: Cincinnati__- 
Columbus - - - 
Painesville____ 
Oklahoma City - - - 
Ponca City - 
Portland - - 
Harrisburg - - - - 
San Juan_-_-- 

NE Providence _ - 

S.C: Columbia 

S. Dak: Pierre__- 


ee OOnee 


oe ee ee te toe 


OWN RNR Ori wth 


ne 


Tenn: Nashville___- 
Tex: Austin _- 
El] Paso-_ 
Salt Lake City-- 
: Barre- ‘ 
Va: Richmond. - - 
Wash: Seattle_- 
Spokane 
Charleston 
Madison - - - - 
Cheyenne - - - 


Cmnw 








oNmat 
tNotot 








ainnsindiagt 
Network summary- - " v 


oO 





* The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
b This station is part of the tritium surveillance system. No gross beta measurements are done. 
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2. Canadian Air and Precipitation Monitoring 
Program,' May 1971 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 2), where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Depart- 
ment of Transport. Detailed discussions of the 
sampling procedures, methods of analysis, and 
interpretation of results of the radioactive fallout 
program are contained in reports of the Depart- 
ment of National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and Reports. 

Surface air and precipitation data for May 1971 
are presented in table 2. 


1 Prepared from information and data obtained from the 
Canadian Department of National Health and Welfare, 
Ottawa, Canada. 


Table 2. Canadian gross beta radioactivity in surface 


air and precipitation, May 1971 





Air surveillance gross 
ta radioactivity 
(pCi/m*) 


Precipitation 
measurements 





Station | Average 
oe concen- 
Mini- | Average | tration 
mum | (pCi/ 
liter) 
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* Less than 0.1 inch rainfall. 
NS, no sample. 
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Figure 2. Canadian air and precipitation sampling 
stations 
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3. Pan American Air Sampling Program 


May 1971 


Pan American Health Organization and 
Environmental Protection Agency 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
Environmental Protection Agency (EPA) to 
assist PAHO-member countries in developing 
radiation monitoring programs. 

The air sampling station locations are shown 
in figure 3. Analytical techniques were described 
in the March 1968 issue of Radiological Health 
Data and Reports. The May 1971 air monitoring 
results from the participating countries are given 
in table 3. 
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Figure 3. Pan American Air Sampling Program 


stations 
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Table 3. Summary of gross beta radioactivity in 
Pan American surface air, May 1971 





Gross beta radioactivity 
Number (pCi/m!) 
Staton location f 





Oo 
samples 
Minimum | Average* 





Argentina: Buenos Aires_- 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 
Guayaquil - - - - 
Quito 
Guyana: Georgetown- - - 
Jamaica: Kingston 
Peru: Lima 
Venezuela: Caracas 
West Indies: Trinidad____-- 

















Pan American summary...-| 118 





.* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m! are reported 
and used in averaging as 0.00 pCi/m!. 
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SECTION IV. OTHER DATA 


This section presents results from routine here are such data as those obtained from human 
sampling of biological materials and other media bone sampling, Alaskan surveillance, and en- 
not reported in the previous sections. Included vironmental monitoring around nuclear facilities. 


Strontium-90 in Human Bone, October-December 1970: 


Office of Radiation Programs 
Environmental Protection Agency 


To obtain data on the concentration of stron- _ process that was not likely to impair bone metabo- 
tium-90 in man by age and geographical region, lism. For analytical purposes, a sample of at 
the Public Health Service began collecting human _least 100 grams of wet bone is desired. Generally, 
bone specimens in late 1961. Analyses of selected this amount is readily available from older 
samples of people in older age groups have shown _ children, but it presents some difficulties from the 
their bone strontium-90 content to be low and _ standpoint of infants and children under 5 years 
age independent (1). Consequently, the target of age. Most specimens received to date have 
population includes children and young adults _ been vertebrae and ribs. 
up to 25 years of age. 

Although a few samples come from living per- Laboratory procedures 
sons as a result of surgical procedures, the ma- 
jority are obtained post mortem. In the latter The bones are analyzed at the Northeastern 
case, the specimens are limited to accident vic- Radiological Health Laboratory of the Bureau 
tims or persons who have died of an acute disease of Radiological Health at Winchester, Mass. 

Sample collection and preparation are explained 
1Period during which death or surgical procedure elsewhere (2). Strontium-90 ” measured ‘ by 
occurred. tributyl phosphate extraction of its yttrium 
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Figure 1. Geographical regions for human bone sampling 
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Table 1. Strontium-90 in human bone, October-December 1970 





Bone | Age> | | Strontium-90 Calcium *Sr/Ca 
Bone region and State type* | (years) 3 concentration® |concentration| (pCi/g) 
| | (pCi/kg bone) | (g/kg bone) 
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Table 1. 


Strontium-90 in human bone, October-December 1970—continued 





Central: 
Ohio 
Michigan 
Ohio 


Michigan - - - - 
Ohio-__- 


Louisiana 


Northwest: 
Oregon - - - — 
Washington 
Oregon - - - - 
Washington _ - 
Oregon - - - - 

Southwest: 
Texas____ 





Jade sees Ades Addict 


California _- 


* Type of bone, V, vertebrae; R, rib; 8, sternum; I 
> Age given as of last birthday prior to death. 
© Two-sigma counting error. 


daughter, which is precipitated as an oxalate. The 
strontium-90 content is then calculated (3) from 
the yttrium-90 activity. For the purpose of main- 
taining analytical reproducibility, “blind’’ dupli- 
cate analyses are performed on 10 to 20 percent 
of the samples. 

The analytical results for strontium-90 in 
individual bones from persons dying during the 
fourth quarter (October-December) of 1970 are 
presented in table 1 in order of increasing age 
within each geographical region. These regions 
are indicated in figure 1. Reported values are 
given in picocuries of strontium-90 per kilogram 
of bone (as a rough indication of dose) and per 
gram of calcium (for comparison with other data 
and for purposes of model development). Two- 
sigma counting errors are reported for the bone 
concentration. 

Following the pattern of earlier reports, sub- 
sequent articles will continue to provide interpre- 
tation of the data at appropriate stages in the 
program (2-6). 


September 1971 


| Strontium-90 Calcium 
| concentration® |concentration| 
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Recent coverage in Radiological Health Data and Reports: 


Period 
October-December 1969 
January-March 1970 
April-June 1970 
July-September 1970 


Issue 
September 1970 
January 1971 
April 1971 
June 1971 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 


1. Feed Materials Production Center’ 
July-December 1970 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center (FMPC) 
is operated by the National Lead Company of 
Ohio for the Atomic Energy Commission (AEC). 
The location as related to populated areas is 
shown in figure 1. Cincinnati and Hamilton, the 
larger nearby communities, are situated 20 and 
10 miles from the center, respectively. Operations 
at this center are concerned with the processing 
of high-grade uranium concentrates into metallic 
uranium. These processes include acid digestion 
of the concentrates, organic phase extraction of 
uranyl nitrate, subsequent conversion of the 
uranyl nitrate to uranium oxide and tetrafluoride, 
reduction to uranium metal, and fabrication of 
the metal into fuel elements. 

The FMPC also processes thorium to produce 
purified thorium compounds and metal. The pro- 
duction methods are similar to those used in 
producing uranium. 

During the many involved reactions and proc- 
esses that lead to the production of reactor fuels, 
liquid and airborne wastes are generated which 


1 Title 10, Code of Federal Regulations, Part 20, ‘“‘Stand- 
ards for Protection Against Radiation” contains essentially 
the standards published in Chapter 0524 of the AEC 
Manual. 

2 Summarized from ‘‘Feed Materials Production Center 
Environmental Monitoring Semiannual Report for the 
Second Half of 1970’? (NLCO-1079). 
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installations are governed by radiation standards 
set forth by AEC’s Division of Operational Safety 
in directives published in the “AEC Manual.” 

Summaries of the environmental radioactivity 
data follow for the Feed Materials Production 
Center and Portsmouth Area Gaseous Diffusion 
Plant. 
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Figure 1. Area map of Feed Materials Production 


Center 


contain varying quantities of uranium and tho- 
rium. Several in-plant methods are used to curtail 
their release into the environment surrounding 
the plant. Almost complete removal of the ma- 
terials is accomplished by using dust collectors 
and waste treatment processses. An environ- 
mental monitoring program has been established 
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to determine the concentrations of plant materials 
in the water and air outside the project. 


Air monitoring 


Onsite air samples are obtained from four 
permanent perimeter air sampling stations, lo- 
cated at the four corners of the production area 
as shown in figure 2. Samples from these perimeter 
stations are collected once each week and analyzed 
for uranium and gross alpha and gross beta radio- 
activity. Offsite samples are collected by a mobile 
air sampling unit. The location at which samples 
are collected is determined by local meteorological 
conditions on the day of sampling. Approximately 
80 percent of all samples are taken downwind of 
the FMPC plant. Replicate samples are taken 
at each sampling point and averaged to gbtain a 
representative concentration for that location. 
An analysis for thorium is not considered neces- 
sary because of the small amount of thorium 
handled in the center. Concentrations of uranium 
and alpha and beta radioactivity of airborne par- 
ticulates sampled at onsite and offsite locations 
are given in table 1. 

The results of sampling indicate that the con- 
centrations at onsite locations averaged 1.6 per- 
cent, 2.1 percent, and 0.01 percent of the AEC 
standards for uranium, alpha radioactivity, and 
beta radioactivity, respectively, and the offsite 
concentrations averaged 1.77 percent, 1.77 per- 
cent, and 0.02 percent of the AEC standards for 


uranium, alpha radioactivity, and beta radio- 


activity. 
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Figure 2. Air and water sampling stations, FMPC 


Water monitoring 


Each of the individual production plants on 
the center has collection sumps and treatment 
equipment to remove the uranium from the 
process wastewater. The effluents from the plants 
are collected at a general sump for additional 
treatment and settling. The clear water from the 
sump is pumped to the river. The solid portion 
is pumped to a chemical waste pit for further 
settling. The clear effluent from the pit is then 


Table 1. Radioactivity levels of airborne particulates, Feed Materials Production Center, July-December 1970 





Number | 
of = 
samples | 
Maximum 


(pCi/m?) 
Location 


Minimum 


Onsite: 
Southwest__-- 
Northwest____ 
Northeast le 
Southeast - - __-- _- 


tivity 


All onsite samples -- -- - -- - - 





Offsite: 
0-2 miles from FMPC- 
2-4 miles from FMPC_ ------- 
4-8 miles from FMPC_ _--- 
8-12 miles from FMPC_ 





All offsite samples_ - - 








* AEC radiation protection standard—2 pCi/m# (natura! uranium). 
> AEC radiation protection standard—1 nCi/m? (thorium-234). 


September 1971 


} Uranium concentration® 


Average | Maximum 


Alpha radioactivity* 


Beta radioactivity> 
(pCi/m!) i 


(pCi/m?) 


Minimum | Average | Maximum| Minimum | Average 














combined with three other types of project waste- 
water and discharged via a common effluent out- 
fall into the Great Miami River. At location B, 
a water sampler is used in conjunction with a 
Parshal Flume to collect samples proportional to 
the flow of the combined effluent stream. These 
samples are removed and analyzed daily and re- 
sults are used with measurements of river flow in 
calculating the radioactive contaminant con- 
centrations added to the river. Weekly spot 
samples are obtained upstream (location A); a 
continuous sample is taken for a 24-hour period 
downstream (location C) and at least one sample 
is analyzed each week. All samples are analyzed 
for uranium, gross alpha and gross beta radio- 
activity, and radium-228, a daughter of thorium- 
232. Since radium-228 has the lowest AEC stan- 
dard, control of this radionuclide and of the gross 


radioactivity insures that the AEC standards 
for the thorium decay chain are not exceeded. 
The average concentrations of all sampled con- 
taminants at the downstream position indicate 
that each contaminant was well below the AEC 
standard. It may be concluded from sampling 
and calculations that the FMPC effluent produced 
little change in the river’s quality. The results 
of the FMPC water monitoring program for July— 
December 1970 are summarized in table 2. 


Recent coverage in Radiological Health Data and Reports: 


Period 


July-December 1969 
January-June 1970 


Issue 


August 1970 
March 1971 


Table 2. Radioactivity in the Great Miami River, Feed Materials Production Center, July-December 1970 





Uranium* 
Number | (pCi /liter) 
Location of | 


samples 


Maxi- | Mini- 
mum | mum 


age 


Sewer outfall¢ 7 <1 1 9 


(location B) } 
Upstream from outfall___---- 25 7 


105 | 
(location A) } 





(location 











| 
Downstream from outfall _ _ - { j | 3 27 | <1 





® AEC standard—20 nCi/liter (natural uranium). 


> AEC standard—3 nCi/liter (certain mixtures of alpha and beta emitters). 


e¢ AEC standard—30 pCi/liter (radium-228). 


Alpha radioactivity 
(pCi /liter) 
a of 
Aver- | Maxi- | Mini- 
mum | mum age 





Beta radioactivity» 


Radium-228¢ 
(pCi/liter) 


| Number (pCi /liter) 





samples 
Mini- 


mum 


Aver- 
age 


Maxi- 
mum 


Mini- 
| mum mum 





<i 2 8 0.2 
<1 




















4 Concentrations in the river as calculated from sewer outfall samples results. 





2. Portsmouth Area Gaseous Diffusion Plant’ 
July-December 1970 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using toxic 
solvents and extraction solutions. Natural ura- 
nium and thorium-234 are the most likely radio- 
nuclides to be released to the environment by 
the Portsmouth Area Gaseous Diffusion Plant. 
To verify the effectiveness of plant controls, en- 
vironmental monitoring is conducted for evidence 


3 Data summarized from B. Kalmon and S. H. Hulett, 
“Environmental Radiation Levels and Concentrations, 
Second Half and Annual Summaries 1970,”’ (April 20, 1970). 
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of alpha-particle, beta-particle, and gamma-ray 
emitters. 

Air samples are taken at four offsite locations 
at a frequency of three 1,000 cubic-foot samples 
per week. In selecting sample locations, the pre- 
vailing wind direction and the locations with the 
highest radioactivity concentrations were con- 
sidered. 

Water samples are collected monthly at each 
location as shown in table 3. The one-half gallon 
sample is analyzed for gross alpha and gross beta- 
gamma radioactivity. Moderate volumes of low- 
level water wastes are discharged to the Scioto 
River system by way of Little Beaver Creek, Big 
Beaver Creek and Salt Creek. Sampling point 
distribution is as follows: one on each of the three 
plant drainage ditches; one on Salt Creek; three 
each on the Little Beaver Creek, the Big Beaver 
Creek, and the Scioto River. 
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Table 3. Radioactivity in water, Portsmouth Plant, July-December 1970 





Alpha radioactivity 
concentration 
Number of (pCi/m!) 


Location samples 





Average 





NRO 


oo 





wna 





Beta-gamma radioactivity 
Average asa | concentration Average as a 
percent of | (pCi/m!) percent of 
AEC co. AEC 
standards* | 


standards*® 


0. 


oo 


sss 











rae: | 





io | 





* The AEC radiation protection standard for alpha radioactivity in water—30 
alpha radioactivity—0.5 pCi/liter; beta radioactivity—14.0 pCi /liter. 
> Composite sample. 


nCi/liter; beta-gamma radioactivity—20 nCi/liter; sensitivity of analysis, 


Table 4. Radioactivity in air, Portsmouth Plant, July-December 1970 





Alpha radioactivity 
concentration 
Number of (fCi/m’) 
Location samples 


Low | Average 





Average as a concentration Average as a 
percent of (pCi/m!) | percent of 
? AEC 


Beta-gamma radioactivity | 


standards* | | | standards* 


Average 





| 
| 











<0.016 





* The AEC radiation protection standard for alpha radioactivity in air—4 pCi 
alpha and beta radioactivity is 16.1 fCi/m*. 


The frequency of composite sampling of water 
is determined by the flow at each of the three 
plant drainage ditches. The composite sample is 
collected in a 55-gallon drum. After thoroughly 
mixing the water in the drum, a one-half gallon 
sample is drawn off each month and the drum 
drained. The average concentrations in the Scioto 
River have been substantially below the AEC 
radiation protection standards for population 
groups in uncontrolled areas without need for 
control of releases. 

For July-December 1970, the alpha and beta- 
gamma radioactivity in water, and the alpha 
radioactivity in air increased when compared 
with the first half of 1970. 

Penetrating background dose rates for the 
second half of 1970 increased when compared with 
the first half of 1970. External gamma radiation 
levels are taken at each of four locations three 
times per week. Measurements are taken with a 
calibrated Geiger-Mueller tube at a height of 1 
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m?; beta-gamma radioactivity—1 nCi/m!; sensitivity of analysis for both 


foot above ground level. These measurements 
are extrapolated to a distance of 3 feet. The 3-foot 
value has been experimentally determined as 
being approximately two-thirds that at the 1-foot 
level. These results are tabulated in mrem/h. 
Starting in January 1971, the background radia- 
tion level will be taken at 3 feet above ground. 
Average alpha and beta-gamma radioactivity 


Table 5 Background exposure rates, Portsmouth 
Plant, July-December 1970 


Background rate* Background 
(urem /h) average rate 
Location ei . ___| extrapolated to 
3-foot level 
(urem /h) 


29... 
Summary 








* Open-shield Geiger tube 1 foot above ground; limit of sensitivity— 
0.1 prem /h. 
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concentrations in air are summarized in table 4. 
Table 3 contains the average alpha and beta- 
gamma radioactivity concentrations in water. 
The external gamma-ray levels, measured at the 
sampling locations shown in figure 3, are sum- 
marized in table 5. The overall average concen- 
trations and background exposure rates for 
January—December 1969 and January-June 1970, 
July-December 1970, and January-December 
1970 are presented in table 6. 


Table 6. Comparison of average concentrations 
Portsmouth, sani 1969-December 1970 


Percent of AEC standard* 


Type of monitoring a ¥ 
January-|January-| July- 
December} June December} 
1969 | 1970 | 


January- 
| December 
1970 1970 





Air 
Alpha radioactivity- 5.7 


Beta-gamma radioactivity _ - 
Water 

Alpha radioactivity _- - - | 

Beta-gamma radioactivity - 





Background exposure extrap- | 
olated to 3 feet above 
ground level (urem/h)- - -- 


* See footnote (a) of table 3 
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Sampling locations, Portsmouth Area 


Gaseous Diffusion Plant 


Recent coverage in Radiological Health Data and Reports: 
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NUCLEAR POWER PLANTS in THE UNITED STATES 


The nuclear power plants included in this map are ones whose power is 
being transmitted or is scheduled to be transmitted over utility electric 
power grids and for which reactor suppliers have been selected 





NUCLEAR PLANT CAPACITY 
(KILOWATTS) LEGEND 
OPERABLE 9,131,800 _—— ee oom 
BEING BUILT 46,499,000 e51NG BURT a (55) 
PLANNED REACTORS ORDERED 43,472,000 PLANNED (Reactors Ordered) © (44) puteto aco 
TOTAL 99,102,800 


U.S.Atomic Energy Commission 
June 30, 1971 








TOTAL ELECTRIC UTILITY CAPACITY AS OF 
APRIL 30, 1971: 343,057,963 KILOWATTS 














Figure 1. Nuclear power plants in the United States 
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ALABAMA 
Decatur 
Decatur 
Decatur 
Dothan 
Dothan 

ARKANSAS 
London 
London 


CALIFORNIA 
Humboldt Bay 
San Clemente 
San Clemente 
San Clemente 
Diablo Canyon 
Diablo Canyon 
Clay Station 
Mendocino County 
Mendocino County 


COLORADO 
Platteville 

CONNECTICUT 
Haddam Neck 
Waterford 
Waterford 


FLORIDA 
Turkey Point 
Turkey Point 
Red Level 
Ft. Pierce 
Ft. Pierce 


GEORGIA 
Baxley 
Baxley 

ILLINOIS 
Morris 
Morris 
Morris 
Zion 
Zion 
Cordova 
Cordova 
Seneca 
Seneca 


INDIANA 
Dune Acres 
OWA 
Cedar Rapids 
LOUISIANA 
Taft 
MAINE 
Wiscasset 
MARYLAND 
Lusby 
Lusby 
MASSACHUSETTS 
Rowe 
Plymouth 
MICHIGAN 
Big Rock Point 
South Haven 
Lagoona Beach 
Lagoona Beach 
Bridgman 
Bridgman 
Midland 
Midland 
MINNESOTA 
Monticello 
Red Wing 
Red Wing 


NEBRASKA 
Fort Calhoun 
Brownville 


PLANT NAME 


Browns Ferry Nuclear Power Plant: Unit 1 
Browns Ferry Nuclear Power Plant: Unit 2 
Browns Ferry Nuclear Power Plant: Unit 3 
Joseph M. Farley Nuclear Plant: Unit 1 
Joseph M. Farley Nuclear Plant: Unit 2 


Arkansas Nuclear One: Unit 1 
Arkansas Nuclear One: Unit 2 


Humboldt Bay Power Plant: Unit 3 

San Onofre Nuclear Generating Station: Unit 1 
San Onofre Nuclear Generating Station: Unit 2 
San Onofre Nuclear Generating Station: Unit 3 
Diablo Canyon Nuclear Power Plant: Unit 1 
Diablo Canyon Nuclear Power Plant: Unit 2 
Rancho Seco Nuclear Generation Station 
Mendocino Power Plant: Unit 1 

Mendocino Power Plant: Unit 2 


Ft. St. Vrain Nuclear Generating Station 


Haddam Neck Plant 
Millstone Nuclear Power Station: Unit 1 
Millstone Nuclear Power Station: Unit 2 


Turkey Point Station: Unit 3 
Turkey Point Station: Unit 4 
Crystal River Plant: Unit 3 
Hutchinson Island: Unit 1 
Hutchinson Island: Unit 2 


Edwin |. Hatch Nuclear Plant: Unit 1 
Edwin |. Hatch Nuclear Plant: Unit 2 


Dresden Nuclear Power Station: Unit 1 
Dresden Nuclear Power Station: Unit 2 
Dresden Nuclear Power Station: Unit 3 
Zion Nuclear Plant: Unit 1 

Zion Nuclear Plant: Unit 2 
Quad-Cities Station: Unit 1 
Quad-Cities Station: Unit 2 

LaSalle Co. Nuclear Station: Unit 1 
LaSalle Co. Nuclear Station: Unit 2 


Bailly Generating Station 

Duane Arnold Energy Center: Unit 1 
Waterford Generating Station: Unit 1 
Maine Yankee Atomic Power Plant 


Calvert Cliffs Nuclear Power Plant: Unit 1 
Calvert Cliffs Nuclear Power Plant: Unit 2 


Yankee Nuclear Power Station 
Pilgrim Station 


Big Rock Point Nuclear Plant 

Palisades Nuclear Power Station 

Enrico Fermi Atomic Power Plant: Unit 1 
Enrico Fermi Atomic Power Plant: Unit 2 
Donald C. Cook Plant: Unit 1 

Donald C. Cook Plant: Unit 2 

Midland Nuclear Power Plant: Unit 1 
Midland Nuclear Power Plant: Unit 2 


Monticello Nuclear Generating Plant 
Prairie Island Nuclear Generating Plant: Unit 1 
Prairie Island Nuclear Generating Plant: Unit 2 


Ft. Calhoun Station: Unit 1 
Cooper Nuclear Station 


CAPACITY 
(Net Kilowatts) 


1,065,000 
1,065,000 
1,065,000 
829,000 
829,000 


820,000 
920,000 


68,500 
430,000 
,140,000 
.140,000 
,060,000 
,060,000 
804,000 
,128,000 
,128,000 


330,000 


575,000 
652,100 
828,000 


693,000 
693,000 
858,000 
800,000 
800,000 


786,000 
786,000 


200,000 
809,000 
809,000 
,050,000 
,050,000 
809,000 
809,000 
,078,000 
078,000 
,100,000 
,100,000 


660,000 


529,700 


,165,000 


790,000 


845,000 
845,000 


175,000 
655,000 


70,300 
700,000 

60,900 
.123,000 
054,000 
,060,000 
492,000 
818,000 


545,000 
530,000 
530,000 


457,400 
778,000 


INITIAL 
DESIGN 
POWER 


UTILITY 


Tennessee Valley Authority 
Tennessee Valley Authority 
Tennessee Valley Authority 
Alabama Power Co 
Alabama Power Co 


Arkansas Power & Light Co 
Arkansas Power & Light Co 


Pacific Gas & Electric Co 

So. Calif. Ed. & San Diego Gas & El. Co. 
So. Calif. Ed. & San Diego Gas & El. Co 
So. Calif. Ed. & San Diego Gas & El. Co 
Pacific Gas & Electric Co. 

Pacific Gas & Electric Co 

Sacramento Municipal Utility District 
Pacific Gas & Electric Co 

Pacific Gas & Electric Co 


Public Service Co. of Colorado 


Conn. Yankee Atomic Power Co 
Northeast Utilities 
Northeast Utilities 


Florida Power & Light Co 
Florida Power & Light Co 
Florida Power Corp 

Florida Power and Light Co 
Florida Power and Light Co 


Georgia Power Co 
Georgia Power Co 


Commonwealth Edison Co 
Commonwealth Edison Co 
Commonwealth Edison Co 
Commonwealth Edison Co 
Commonwealth Edison Co. 

Comm. Ed. Co.-la.-lll. Gas & Elec. Co. 
Comm. Ed. Co.-la.-ill. Gas & Elec. Co. 
Comm. Ed. Co.-la 

Comm. Ed. Co.-la 

Comm. Edison Co 

Comm. Edison Co 


Northern Indiana Public Service Co 
lowa Electric Light and Power Co 
Louisiana Power & Light Co 
Maine Yankee Atomic Power Co 


Baltimore Gas and Electric Co 
Baltimore Gas and Electric Co 


Yankee Atomic Electric Co. 
Boston Edison Co 


Consumers Power Co 
Consumers Power Co 

Detroit Edison Co 

Detroit Edison Co. 

Indiana & Michigan Electric Co 
Indiana & Michigan Electric Co. 
Consumers Power Co. 
Consumers Power Co 


Northern States Power Co 
Northern States Power Co 
Northern States Power Co 


Omaha Public Power District 
Nebraska Public Power District and 
lowe Power and Light Co 
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Nuclear power plants in the United States—continued 
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NEW JERSEY 
Toms River 
Lacey Township 
Salem 
Salem 
Bordentown 
Bordentown 


NEW YORK 
Indian Point 
Indian Point 
Indian Point 
Scriba 
Rochester 
Brookhaven 
Lansing 
Verplanck 
Scriba 

NORTH CAROLINA 
Southport 
Southport 
Cowans Ford Dam 
Cowans Ford Dam 
Bonsal 
Bonsal 
Bonsal 
Bonsal 

OHIO 
Oak Harbor 


Moscow 


OREGON 
Prescott 


PENNSYLVANIA 
Peach Bottom 
Peach Bottom 
Peach Bottom 
Pottstown 
Pottstown 
Shippingport 
Shippingport 
Middletown 
Middletown 
Berwick 
Berwick 


SOUTH CAROLINA 
Hartsville 
Seneca 
Seneca 
Seneca 
Parr 


TENNESSEE 
Daisy 
Daisy 
Spring City 
Spring City 
VERMONT 
Vernon 
VIRGINIA 
Gravel Neck 
Gravel Neck 
Mineral 
Mineral 
Mineral 
Mineral 
WASHINGTON 
Richland 
Richland 
WISCONSIN 
Genoa 
Two Creeks 
Two Creeks 
Carlton 
PUERTO RICO 
Puerto De Jobas 


* Site not selected. 


PLANT NAME 


Oyster Creek Nuclear Power Plant: Unit 1 
Forked River Generating Station: Unit 1 
Salem Nuclear Generating Station: Unit 1 
Salem Nuclear Generating Station: Unit 2 
Newbold Nuclear Generating Station: Unit 1 
Newbold Nuclear Generating Station: Unit 2 


Indian Point Station: Unit 1 

Indian Point Station: Unit 2 

Indian Point Station: Unit 3 

Nine Mile Point Nuclear Station 

R. E. Ginna Nuclear Power Plant: Unit 1 
Shoreham Nuclear Power Station 

Bell Station 

Verplanck: Unit 1 

James A. Fitzpatrick Nuclear Power Plant 


Brunswick Steam Electric Plant: Unit 1 

Brunswick Steam Electric Plant: Unit 2 

Wm. B. McGuire Nuclear Station: Unit 1 
Wm. B. McGuire Nuclear Station: Unit 2 
Shearon Harris Plant: Unit 1 

Shearon Harris Plant: Unit 2 

Shearon Harris Plant: Unit 3 

Shearon Harris Plant: Unit 4 


Davis-Besse Nuclear Power Station 


Wm. H. Zimmer Nuclear Power Station: Unit 1 
Trojan Station 


Peach Bottom Atomic Power Station: Unit 1 
Peach Bottom Atomic Power Station: Unit 2 
Peach Bottom Atomic Power Station: Unit 3 
Limerick Generating Station: Unit 1 
Limerick Generating Station: Unit 2 
Shippingport Atomic Power Station: Unit 1 
Beaver Valley Power Station: Unit 1 

Three Mile Island Nuclear Station: Unit 1 
Three Mile Island Nuclear Station: Unit 2 
Susquehanna Steam Electric Station: Unit 1 
Susquehanna Steam Electric Station: Unit 2 


H. B. Robinson S. E. Plant: Unit 2 
Oconne Nuclear Station: Unit 1 

Oconee Nuclear Station: Unit 2 

Oconee Nuclear Station: Unit 3 

Virgil C.Summer Nuclear Station: Unit 1 


Sequoyah Nuclear Power Plant: Unit 1 
Sequoyah Nuclear Power Plant: Unit 2 
Watts Bar Nuclear Plant: Unit 1 
Watts Bar Nuclear Plant: Unit 2 


Vermont Yankee Generating Station 


Surry Power Station: Unit 1 
Surry Power Station: Unit 2 
North Anna Power Station: Unit 1 
North Anna Power Station: Unit 2 
North Anna Power Station: Unit 3 
North Anna Power Station: Unit 4 


N-Reactor/WPPSS Steam 
Hanford No. 2 


Genoa Nuclear Generating Station 
Point Beach Nuclear Plant: Unit 1 
Point Beach Nuclear Plant: Unit 2 
Kewaunee Nuclear Power Plant: Unit 1 


Aguirre Nuciear Power Plant 


CAPACITY 
(Net Kilowatts) 


560,000 
1,140,000 
1,050,000 
1,050,000 
1,088,000 
1,088,000 


265,000 
873,000 
965,000 
625,000 
420,000 
819,000 
838,000 
1,115,000 
821,000 


821,000 
821,000 
1,150,000 
1,150,000 
900,000 
900,000 
900,000 
900,000 


872,000 


810,000 
1,130,000 


40,000 
1,065,000 
1,065,000 
1,065,000 
1,065,000 

90,000 

847,000 
831,000 
907,000 
1,052,000 
1,052,000 


700,000 
841,000 
886,000 
886,000 
900,000 


1,124,000 
1,124,000 
1,169,000 
1,169,000 


513,900 


780,000 
780,000 
845,000 
845,000 
900,000 
900,000 


790,000 
1,103,000 


50,000 
497,000 
497,000 
540,000 


583,000 


1,201,000 
1,201,000 


INITIAL 
DESIGN 
POWER 


UTILITY 


Jersey Central Power & Light Co 
Jersey Central Power & Light Co. 
Public Service Electric and Gas, N. J 
Public Service Electric and Gas, N. J 
Public Service Electric and Gas, N. J 
Public Service Electric and Gas, N. J 


Consolidated Edison Co 
Consolidated Edison Co 
Consolidated Edison Co 

Niagara Mohawk Power Co 
Rochester Gas & Electric Co 
Long Island Lighting Co 

New York State Electric & Gas Co 
Consolidated Edison Co 

Power Authority of State of N. Y 


Carolina Power and Light Co 
Carolina Power and Light Co 
Duke Power Co 

Duke Power Co 

Carolina Power & Light Co 
Carolina Power & Light Co 
Carolina Power & Light Co 
Carolina Power & Light Co 


Toledo Edison-Cleveland Electric 
IMuminating Co. 
Cincinnati Gas & Electric Co 


Portland General Eiectric Co 


Philadelphia Electric Co 
Philadelphia Electric Co 
Philadelphia Electric Co. 
Philadelphia Electric Co 
Philadelphia Electric Co 
Duquesne Light Co 

Duquesne Light Co.-Ohio Edison Co 
Metropolitan Edison Co 

Jersey Central Power & Light Co 
Pennsylvania Power and Light 
Pennsylvania Power and Light 


Carolina Power & Light Co. 

Ouke Power Co 

Duke Power Co 

Duke Power Co. 

South Carolina Electric & Gas Co 


Tennessee Valley Authority 
Tennessee Valley Authority 
Tennessee Valley Authority 
Tennessee Valley Authority 


Vermont Yankee Nuclear Power Corp 


Virginia Electric & Power Co. 
Virginia Electric & Power Co. 
Virginia Electric & Power Co 
Virginia Electric & Power Co 
Virginia Electric & Power Co 
Virginia Electric & Power Co 


Atomic Energy Commission 
Washington Public Power Supply System 


Dairyland Power Cooperative 
Wisconsin Michigan Power Co 
Wisconsin Michigan Power Co. 
Wisconsin Public Service Co 


Puerto Rico Water Resources Authority 


Tennessee Valley Authority 
Tennessee Valley Authority 
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Figure 1. 


Nuclear power plants in the United States—continued 








Reported Nuclear Detonations, August 1971 


(Includes seismic signals presumably from foreign nuclear detonations) 


The U. S. Atomic Energy Commission an-  low-intermediate yield range (20-200 kilotons 
nounced only one nuclear detonation for August | TNT equivalent) and was conducted August 18, 
1971. This underground nuclear test was in the 1971, at its Nevada Test Site. 





Information in this section is based on data received during the month, and is 
subject to change as additional information may become available. Persons 
requiring information for purposes of compiling announced nuclear detonation 
statistics are advised to contact the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
them for their files. 


PREOPERATIONAL RADIOLOGICAL SURVEILLANCE OF THE 
FLORIDA POWER CORPORATION’S CRYSTAL RIVER POWER 
REACTOR SITE. C. L. Nayfield, W. Johnson, and B. P. Prewitt. Radio- 
logical Health Data and Reports, Vol. 9, August 1971, pp. 441-449. 


Preoperational radiological surveillance has been conducted by the Florida 
Division of Health around the Crystal River nuclear power generating plant 
site of the Florida Power Corporation since May 1969. A summary of these 
data with reference to statistically significant differences between sampling 
locations is presented, and comparisons are made with other locations in the 
State for which data are available. 


KEYWORDS: Florida, nuclear power plant, surveillance, radiological. 


EVALUATION OF THE SAMPLING FREQUENCY OF THE PAS- 
TEURIZED MILK NETWORK. J. L. Stein, R. E. Jaquish, and T. J. 
Sharpe. Radiological Health Data and Reports, Vol. 8, August 1971, pp. 451-455. 


The Pasteurized Milk Network (PMN) of the Environmental Protection 
Agency reduced its milk sampling frequency from weekly to monthly in July 
1970. A review of the effect of this reduced sampling frequency from a statisti- 
cal viewpoint, on the capability of the network to carry out the surveillance re- 
quirements outlined by guides of the Federal Radiation Council is presented. 
The study determined that, based on the presently accepted radiation pro- 


tection guides, the reduced frequency of milk collection does not sacrifice the 
precision requirement for a public health evaluation of current levels of radio- 
nuclides in the nation’s pasteurized milk supply. 


KEYWORDS: Pasteurized Milk Network, milk surveillance, sampling fre- 
quency, precision, statistics. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 


consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ological Health Data and Reports, EPA, Office of Radia- 
tion Programs, Parklawn 18 B-40, Washington, D.C. 
20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address, 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 
gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 





Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; ¢.g., strontium-90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 
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Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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